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DISEASE CONTROL IN SHRIMP 

Cross-Reference to Related Applications 

[0001] This application claims the benefit of U.S. Provisional Application Serial 
No.60/548,341, filed February 27, 2004, the content of which is incorporated in its entirety. 

Technical Field 

[0002] The invention pertains to the identification, monitoring, and treatment of infection 
in crustaceans, particularly shrimp. The compositions and methods use nucleic acids and 
polypeptides identified by differentially expression in non-infected and infected crustaceans as 
therapeutics, diagnostics, and screening reagents. 

Background of the Invention 

[0003] During the past decade, shrimp (Penaeus sp.) farming has evolved from subsistence 
level farming to a major worldwide industry providing jobs to millions of people. Currently, 
shrimp farming remains a major source for economic development in the poor coastal areas of 
many countries in the Asia and the Americas (Rosenberry, 2002). As shrimp farming evolves, 
it is faces many challenges. Among these challenges, viral diseases are of major concern to 
shrimp farmers. More than 20 viruses have been reported to infect shrimp (Lightner 1996), and 
the list is growing. Many of these viruses have already caused serious disease in cultured and 
wild penaeid shrimp resulting in significant economic losses to commercial shrimp farmers. At 
present, white spot disease of shrimp, caused by the white spot syndrome virus (WSSV), is 
considered to be the most important viral disease of cultured shrimp worldwide (Office 
International de Epizooties, 2002). Since the initial report of WSSV in East Asia during 1992 
to 1993 (Inouye et ah 1994), WSSV has spread to much of Asia and the Americas causing 
catastrophic losses to shrimp farmers (Krishna et ah 1997; Jory and Dixon 1999). The 
cumulative loss due to WSSV in the Asia since 1992 is estimated to be $4-6 billion. The losses 
due to WSSV in the Americas have been estimated to $1-2 billion. 

[0004] WSSV virions are ellipsoid to bacilliform in shape, enveloped with a tail-like 
appendage at one end of the particle. The genome of WSSV contains a circular double- 
stranded DNA of -300 kb in length (van Hulten et al 2001; Yang ^ a/. 2001). Although the 
WSSV has a morphological similarity with baculovirus, sequence analysis revealed that WSSV 
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shares very little similarity with any known viruses (van Hulten et al ? 2001 ; Yang et ah , 2001). 
As a result, WSSV has been placed in a new family, the Nimaviridae, and a new genus, 
Whispovims. 

[0005] WSSV infects all commercially important species of penaeid shrimp and a number 
of other crustaceans, including crabs and crayfish (Flegel 1997). Since the initial report of 
WSSV in East Asia during 1992 to 1993 (Inouye et ah 1994), a number of WSSV-encoded 
genes, such as the capsid genes (van Hulten et ah 2000a; van Hulten et ah 2000b; Zhang et ah 
2001; Chen et ah 2002; Marks et ah 2003), a ribonucleotide reductase gene (Tsai et ah 2000a), 
and the thymidine kinases (Tsai et ah 2000b) have been studied in detail. In addition, a highly 
sensitive detection method based on real-time PGR has been developed for detecting and 
quantifying WSSV (Dhar et ah 2001). However, insight into immune genes in shrimp involved 
in WSSV pathogenesis is limited and only just beginning to emerge. For example, Dhar and 
colleagues cloned and sequenced a lipopoly saccharide and p-l,3-glucan binding protein 
(LGBP) gene from Penaeus stylirostris shrimp that shows up-regulation during WSSV 
infection (Roux et ah , 2002). LGBP, a pattern recognition protein (PRP), is known to elicit the 
expression of prophenoloxidase (proPO) during bacterial and fungal infection (Soderhall and 
Cerenius, 1998). Although LGBP gene expression is upregulated in WSSV-infected animals, 
proPO gene expression is downregulated as the WSSV infection progresses, suggesting that 
WSSV infection regulates the activation and / or activity of the prophenoloxidase cascade in a 
novel way (Roux et ah, 2002). A syntenin-like protein (TE8) with a post-synaptic density 
protein (PDZ) domain has been isolated from Penaeus monodon shrimp and was upregulation 
during WSSV-infection (Bangrak et ah, 2002). It has been suggested that the shrimp syntenin- 
like protein may function as an adapter that couples the PDZ-binding protein to cell-to-cell 
signal transduction during WSSV pathogenesis (Bangrak et ah, 2002). Antiviral substances 
capable of binding to a variety of DNA and RNA viruses (Sindbis virus, vaccinia virus, 
vesicular somatitis virus, mengo virus, banzi virus and poliomyelitis virus) have been isolated 
from shrimp {Penaeus setiferus), although the genes representing these proteins have not yet 
been cloned (Pan et ah, 2000). These antiviral proteins probably represent a component of the 
innate immune response in shrimp (Pan et ah , 2000). All the above examples of the 
characterization of immune genes and associated proteins in shrimp revealed the candidate 
gene approaches used by different researchers. Although such approaches may provide in 
depth information on a particular gene, they do not provide a holistic view of gene expression 
during viral or microbial pathogenesis. 
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[0006] To mitigate these challenges and to promote sustainable shrimp farming, there is an 
urgent need to develop therapeutics against white spot disease and viral diseases in shrimp in 
general. One of the limitations in developing therapeutics against viral diseases of shrimp is the 
lack of information on the cellular genes that might be involved in WSSV pathogenesis. This 
invention addresses this need by identifying cellular genes that play a critical role in viral, 
specifically WSSV, pathogenesis in shrimp, and viral pathogenesis in invertebrates in general. 
Several immune genes in shrimp have been isolated that showed differential expression 
between healthy and WSSV-infected shrimp. These genes could be used as potential targets for 
developing therapeutics against white spot disease and other viral, bacterial, and fungal 
diseases in shrimp. 

Brief Summary of the Invention 

[0007] This invention has identified cellular genes that play a critical role in viral, 
specifically white spot syndrome virus (WSSV), pathogenesis in shrimp, and viral 
pathogenesis in invertebrates in general. Several immune genes in shrimp have been isolated 
that showed differential expression between healthy and WSSV-infected shrimp. The nucleic 
acids comprising these genes, or fragments thereof, can used as potential targets for developing 
therapeutics against white spot disease and other viral, bacterial, and fungal diseases in shrimp. 
Accordingly, the invention provides methods for screening for compounds for treating or 
diagnosing WSSV using the nucleic acids of the invention or the polypeptides they encode. 

[0008] The invention provides compositions comprising, or consisting of, sets of 
differentially expressed genes selected by their differential expression on viral infection as 
compared to healthy shrimp expression profiles. In one aspect, the viral infection is white spot 
syndrome virus, Taura syndrome virus, infectious hypodermal and hematopoietic virus, 
yellowhead virus or baculovirus penae. 

[0009] In one aspect, the genes are selected from expressed sequence tag libraries designed 
by differential selection of genes that are up- or down-regulated during viral infection. In one 
aspect, the viral infection is white spot syndrome virus. The genes can the genes described 
herein, e.g., the nucleic acids as set forth in Table 2 and the appendices. In one aspect, the 
viral infection is selected from white spot syndrome virus, Tarua syndrome virus, infectious 
hypodermal and hematopoietic virus, yellowhead virus and baculovirus penae. The genes can 
be selected from the shrimp expressed sequence tag differential library used for the treatment 
of disease. The disease can be selected from white spot syndrome virus, Tarua syndrome 
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virus, infectious hypodermal and hematopoietic virus, yellowhead virus and baculovirus penae. 
The differential library can be produced from shrimp infected with WSSV, or, from shrimp 
infected with viruses selected from white spot syndrome virus, Tama syndrome virus, 
infectious hypodermal and hematopoietic virus, yellowhead virus and baculovirus penae. 

[0010] The invention also provides methods of determining the metabolic or disease state 
of shrimp using the compositions described herein, including the polypeptides of the invention 
and the nucleic acids of the invention. 

[0011] The invention provides isolated or recombinant nucleic acids having at least about 
50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, or more sequence identity, when compared and aligned for maximum 
correspondence, as measured using one any known sequence comparison algorithm, as 
discussed in detail below, or by visual inspection, to an exemplary nucleic acid of the 
invention, which include all nucleic acids sequences described herein. 

[0012] The invention provides isolated or recombinant polypeptides having at least about 
50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, or more sequence identity, when compared and aligned for maximum 
correspondence, as measured using one any known sequence comparison algorithm, as 
discussed in detail below, or by visual inspection, to an exemplary polypeptides of the 
invention, which include all polypeptides described herein, and include all polypeptides 
encoded by nucleic acids of the invention, which include all nucleic acids sequences described 
herein. 

[0013] In alternative aspects, the invention provides nucleic acid and polypeptide 
sequences having substantial identity to an exemplary sequence of the invention over a region 
of at least about 10, 20, 30, 40, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 
70O, 750, 800, 850, 900, 950, 1000 or more residues. 

[0014] It is an object of the invention to provide a number of expressed sequence tags 
(ESTs) isolated from shrimp tissue that specifically correspond to the onset of viral disease. 
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[0015] It is a further object of the invention to provide a number of expressed sequence 
tags (ESTs) isolated from Penaeid shrimp tissue that specifically correspond to the onset of 
viral disease. 

[0016] It is an object of the invention to provide a number of expressed sequence tags 
(ESTs) that have been isolated from shrimp (Penaeus vannamei) tissue and specifically 
correspond to the onset of viral disease. 

[0017] It is an object of the invention to provide a method of protecting shrimp from viral 
infection using recombinant protein or nucleic acids derived from the full-length gene or 
recombinant truncated protein or nucleic acids derived from the functional domain of the gene 
identified using the EST differential libraries of the instant invention. 

[0018] It is an object of the invention to provide a method of protecting shrimp from 
WSSV infection or other viral infection using recombinant protein or nucleic acids derived 
from the full-length gene or recombinant truncated protein or nucleic acids derived from the 
functional domain of the gene. 

[0019] It is an object of the invention to provide a feed or feed supplement which 
incorporates recombinant protein or nucleic acids identified using the EST differential libraries 
of the instant invention and providing same to the animal to inhibit the deleterious effects of 
the virus on the host. 

[0020] It is an object of the invention to provide a treatment that incorporates recombinant 
protein or nucleic acids identified using the WSSV infected and healthy EST differential 
libraries of the instant invention and providing it to the animal to inhibit or suppress the 
deleterious effects of the WSSV on the host. 

[0021] It is an object of the invention to provide a therapeutic, a feed, or feed supplement 
that incorporates recombinant protein or nucleic acids identified using the WSSV infected and 
healthy EST differential libraries of the instant invention and providing it to the animal to 
inhibit or suppress the deleterious effect of the WSSV on the host. 

[0022] It is an object of the invention to provide a method of treatment for white spot viral 
disease in shrimp based on the genes identified through differential expression libraries. 

[0023] It is an object of the invention to provide a method of treatment wherein the method 
comprises the steps including the production of recombinant protein using bacterial, yeast, 
plant, and/or algal expression systems, then mixing the recombinant protein with feed and 
delivering the recombinant protein in sufficient quantity to prevent action of the virus on 
shrimp. This approach can also be applied to diseases in shrimp caused other viruses, bacteria, 
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fungi, as well as in other aquaculture species including fish and shellfish suffering from fungal, 
bacterial, and viral diseases. In aquatic invertebrate species, like shrimp, with a primitive 
immune system (i.e., one that is not antibody driven) the invention provides a method for 
treatment of both acute and chronic diseases via delivery of therapeutic recombinant protein(s) 
and/or nucleic acids. 

[0024] It is an objective of this invention to use ESTs differentially expressed on viral 
infection as a biopesticide. 

[0025] It is an object of the invention to provide a method using the differentially 
expressed genes from the EST differential library as a diagnostic tool to evaluate shrimp both 
in aquaculture and in food processing. 

[0026] It is an object of the invention to provide a useful resource for functional genomics 
study in shrimp using microarray analysis and single nucleotide polymorphisms (SNPs) and a 
resource for microsatellite sequence useful for developing shrimp genome map. 

[0027] It is an object of the invention to provide a feed or feed supplement containing 
recombinant protein(s) or nucleic acid(s), derived from the expressed sequence tags from 
healthy and WSSV-infected libraries, that can inhibit or suppress the deleterious effect of other 
shrimp viruses including the Taura syndrome virus, yellow head virus, and infectious 
hypodermal and hematopoietic necrosis virus and WSSV (Lightner and Redman, 1998). 

[0028] It is an object of the invention to provide a method of treatment for bacterial 
diseases of shrimp and other aquaculture species based on the genes identified through shrimp 
EST analysis. 

[0029] Therefore, the invention provides both a composition that can be used for 
prevention of disease, a method of prevention of disease, and diagnostic tools for evaluation of 
the health of the animals affected by disease. 

Brief Description of the Drawings 

[0030] FIG. 1 is a graphical representation of the function classes of genes isolated from 
hepatopancreas cDNA libraries of healthy and WSSV infected shrimp (P. vannamei) that 
showed similarities with the GenBank database entries; 

[0031] FIG. 2 is a graphical representation of the differential expression of expressed 
sequence tags (ESTs) in white spot syndrome virus (WSSV) infected shrimp (Penaeus 
vannamei) compared to healthy shrimp (P. vannamei). Bars above the X-axis indicate up- 
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regulation, and bar below the X-axis indicates down-regulation of the gene in WSSV-infected 
compared to healthy shrimp; and 

[0032] FIG. 3 is a graphical representation of the quantification of differently expressed 
immune genes in WSSV infected shrimp (P. vannemei) by SYBR Green real-time PCR. Bars 
above the axis represent up-regulated genes and bars below the axis represent down-regulated 
genes. 1) gamma interferon inducible lysosomal thiol reductase (GILT); 2) Interleukin 
enhancer-binding factor 3; 3) tetraspanin-2; 4) NF-kappaP essential modulator; 5) Chitinase; 
6) prophenoloxidase-activating proteinase 2; 7) p-selectin; 8) T-cell activation protein; 9) O- 
sialoglycoprotein endopeptidase; 10) ubiquitin; 11) anti-lipopolysaccharide factor. 

Detailed Description of the Invention 

[0033] Provided herein is a nucleic acid sequence comprising a nucleic acid sequence of at 
least 65% identity to a nucleic acid sequence as set forth in as set forth in SEQ ID NO:l, SEQ 
ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:l 1, SEQ ID NO: 13, SEQ 
ID NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:21, SEQ IDNO:23, SEQ ID NO:25, 
SEQ ID NO:27, SEQ ID NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35, SEQ ID 
NO:37, SEQ ID NO:39, SEQ ID NO:41, SEQ ID NO:43, SEQ ID NO:45, SEQ ID NO:47, 
SEQ ID NO:49, SEQ ID NO:51, SEQ ID NO:53, SEQ ID NO:55, SEQ ID NO:57, SEQ ID 
NO:59, SEQ ID NO:61, SEQ ID NO:63, SEQ ID NO:65, SEQ ID NO:67, SEQ ID NO:69, 
SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID NO:77, SEQ ID NO:79, SEQ ID 
NO:81, SEQ ID 1ND:83, SEQ ID NO:85, SEQ ID NO:87, SEQ ID NO:89, SEQ ID NO:91, 
SEQ ID NO:93, SEQ ID NO:95, SEQ ID NO:97, SEQ ID NO:99, SEQ ID NO:101, SEQ ID 
NO: 103, SEQ ID NO: 105, SEQ ID NO: 107, SEQ ID NO: 109, SEQ ID NO: 111, SEQ ID 
NO:113, SEQ ID NO: 11 5, SEQ ID NO: 11 7, SEQ ID NO: 119, SEQ ID NO: 121, SEQ ID 
NO:123, SEQ ID NO:125, SEQ ID NO:127, SEQ IDNO:129, SEQ ID NO:131, SEQ ID 
NO:133, SEQ ID NO:135, SEQ ID NO:137, SEQ ID NO:139, SEQ ID NO:141, SEQ ID 
NO: 143, SEQ ID NO: 145, SEQ ID NO: 147, SEQ ID NO: 149, SEQ ID NO: 151, SEQ ID 
NO:153, SEQ ID NO:155, SEQ ID NO:157, SEQ ID NO:159, SEQ ID NO:161, SEQ ID 
NO:163, SEQ ID NO:165, SEQ ID NO:167, SEQ IDNO:169, SEQ IDNO:171, SEQ ID 
NO:173, SEQ ID NO:175, SEQ ID NO:177, SEQ ID NO:179, SEQ ID NO:181, SEQ ID 
NO:183, SEQ ID NO:185, SEQ ID NO:187, SEQ ID NO:189, SEQ ID NO:191, SEQ ID 
NO:193, SEQ ID NO:195, SEQIDNO:197, SEQ IDNO:199, SEQIDNO:201, SEQ ID 
NO:203, SEQ ID NO:205, SEQ ID NO:207, SEQ ID NO:209, SEQ ID NO:21 1, SEQ ID 
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NO:213, SEQ ID NO:215, SEQ ID NO:217, 
NO:223, SEQ ID NO:225, SEQ ID NO:227, 
NO:233, SEQ ID NO:235, SEQ ID NO:237, 
NO:243, SEQ ID NO:245, SEQ ID NO:247, 
NO:253, SEQ ID NO:255, SEQ ID NO:257, 
NO:263, SEQ ID NO:265, SEQ ID NO:267, 
NO:273, SEQ ID NO:275, SEQ ID NO:277 5 
NO:283, SEQ ID NO:285, SEQ ID NO:287, 
NO:293, SEQ ID NO:295, SEQ ID NO:297, 
NO:303, SEQ ID NO:305, SEQ ID NO:307, 
NO:313, SEQIDNO:315, SEQIDNO:317, 
NO:323, SEQ ID NO:325, SEQ ID NO:327 5 
NO:333, SEQ ID NO:335, SEQ IDNO:337, 
NO:343, SEQ ID NO:345, SEQ ID NO:347, 
NO:353, SEQ ID NO:355, SEQ ID NO:357, 
NO:363, SEQ ID NO:365, SEQ ID NO:367, 
NO:373, SEQ ID NO:375, SEQ ID NO:377, 
NO:383, SEQ ID NO:385 5 SEQ ID NO:387, 
NO:393, SEQ ID NO:395, SEQ ID NO:397, 
NO:403, SEQ ID NO:405, SEQ ID NO:407, 
NO:413, SEQ ID NO:415, SEQ IDNO:417, 
NO:423, SEQ ID NO:425, SEQ ID NO:427, 
NO:433, SEQ ID NO:435, SEQ ID NO:437, 
NO:443, SEQ ID NO:445, SEQ ID NO:447, 
NO:453, SEQ ID NO:455, SEQ ID NO:457, 
NO:463, SEQ ID NO:465, SEQ ID NO:467, 
NO:473, SEQ ID NO:475, SEQ ID NO:477, 
NO:483, SEQ ID NO:485, SEQ ID NO:487, 
NO:493 5 SEQ ID NO:495, SEQ ID NO:497, 
NO:503, SEQ ID NO:505, SEQ ID NO:507, 
NO:513, SEQ ID NO:515, SEQ ID NO:517, 
NO:523 5 SEQ ID NO:525, SEQ ID NO:527, 
NO:533 5 SEQ ID NO:535, SEQ ID NO:537, 



SEQ ID NO:219, SEQ ID NO:221, SEQ ID 
SEQ ID NO:229, SEQ ID NO:231, SEQ ID 
SEQ ID NO:239, SEQ ID NO:241, SEQ ID 
SEQ ID NO:249, SEQ ID NO:251, SEQ. ID 
SEQ ID NO:259, SEQ ID NO:261, SEQ ID 
SEQ ID NO:269, SEQ ID NO:271, SEQ ID 
SEQ ID NO:279, SEQ ID NO:281, SEQ ID 
SEQ ID NO:289, SEQ ID NO:291, SEQ ID 
SEQ ID NO:299, SEQ ID NO:301, SEQ ID 
SEQ ID NO:309, SEQ IDNO:311, SEQ ID 
SEQ IDNO:319, SEQ IDNO:321, SEQ ID 
SEQ ID NO:329, SEQ ID NO:331, SEQ ID 
SEQ ID NO:339, SEQ ID NO:341, SEQ ID 
SEQ ID NO:349, SEQ ID NO:351, SEQ ID 
SEQ ID NO:359, SEQ ID NO:361, SEQ ID 
SEQ ID NO:369, SEQ ID NO:371, SEQ ID 
SEQ ID NO:379, SEQ ID NO:381 5 SEQ ID 
SEQ ID NO:389, SEQ ID NO:391, SEQ ID 
SEQ ID NO:399, SEQ ID NO:401, SEQ ID 
SEQ ID NO:409, SEQ ID NO:41 1, SEQ ID 
SEQ ID NO:419, SEQ ID NO:421, SEQ ID 
SEQ ID NO:429, SEQ ID NO:431, SEQ ID 
SEQ ID NO:439, SEQ ID NO:441, SEQ ID 
SEQ ID NO:449, SEQ ID NO:451, SEQ ID 
SEQ ID NO:459, SEQ ID NO:461, SEQ ID 
SEQ ID NO:469, SEQ ID NO:471, SEQ ID 
SEQ ID NO:479, SEQ ID NO:481, SEQ ID 
SEQ ID NO-.489, SEQ ID NO:491, SEQ ID 
SEQ ID NO:499, SEQ ID NO:501, SEQ ID 
SEQ ID NO:509, SEQ ID NO:511, SEQ ID 
SEQ ID NO:519, SEQ ID NO:521, SEQ ID 
SEQ ID NO:529, SEQ ID NO:531, SEQ ID 
SEQ ID NO:539, SEQ ID NO:541, SEQ ID 
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NO:543, SEQ ID NO:545, SEQ ID NO:547, 
NO:553, SEQ ID NO:555, SEQ ID NO:557, 
NO:563, SEQ ID NO:565, SEQ ID NO:567, 
NO:573, SEQ ID NO:575, SEQ ID NO:577, 
NO:583, SEQ ID NO:585, SEQ ID NO:587, 
NO:593, SEQ ID NO:595, SEQ ID NO:597, 
NO:603, SEQ ID NO:605, SEQ ID NO:607, 
NO:613, SEQ ID NO:615, SEQ ID NO:617, 
NO:623, SEQ ID NO:625, SEQ ID NO:627, 
NO:633, SEQ ID NO:635, SEQ ID NO:637, 
NO:643, SEQ ID NO:645, SEQ ID NO:647, 
NO:653, SEQ ID NO:655, SEQ ID NO:657, 
NO:663, SEQ ID NO:665, SEQ ID NO:667, 
NO:673, SEQ ID NO:675, SEQ ID NO:677, 
NO:683, SEQ ID NO:685, SEQ ID NO:687, 
NO:693, SEQ ID NO:695, SEQ ID NO:697, 
NO:703, SEQ ID NO:705, SEQ ID NO:707, 
NO:713, SEQ ID NO:715, SEQ ID NO:717, 
NO:723, SEQ ID NO:725, SEQ ID NO:727, 
NO:733, SEQ ID NO:735, SEQ ID NO:737, 
NO:743, SEQ ID NO:745, SEQ ID NO:747, 
NO:753, SEQ ID NO:755, SEQ ID NO:757, 
NO:763, SEQ ID NO:765, SEQ ID NO:767 5 
NO:773, SEQ ID NO:775, SEQ ID NO:777, 
NO:783, SEQ ID NO:785, SEQ ID NO:787, 
NO:793, SEQ ID NO:795, SEQ ID NO:797, 
NO:803, SEQ ID NO:805, SEQ ID NO:807, 
NO:813, SEQ ID NO:815, SEQ ID NO:817, 
NO:823 3 SEQ ID NO:825, SEQ ID NO:827, 
NO:833, SEQ ID NO:835, SEQ ID NO:837, 
NO:843 5 SEQ ID NO:845, SEQ ID NO:847, 
NO:853, SEQ ID NO:855 5 SEQ ID NO:857, 
NO:863, SEQ ID NO:865, SEQ ID NO:867, 



SEQ ID NO:549, SEQ ID NO:551, SEQ ID 
SEQ ID NO:559, SEQ ID NO:561, SEQ ID 
SEQ ID NO:569, SEQ ID NO:571, SEQ ID 
SEQ ID NO:579, SEQ ID NO:581, SEQ ID 
SEQ ID NO:589, SEQ ID NO:591, SEQ ID 
SEQ ID NO:599, SEQ ID NO:601, SEQ ID 
SEQ ID NO:609, SEQ ID NO:61 1, SEQ ID 
SEQ ID NO:619, SEQ ID NO:621, SEQ ID 
SEQ ID NO:629, SEQ ID NO:631, SEQ ID 
SEQ ID NO:639, SEQ ID NO:641, SEQ ID 
SEQ ID NO:649, SEQ ID NO:651, SEQ ID 
SEQ ID NO:659, SEQ ID NO:661, SEQ ID 
SEQ ID NO:669, SEQ ID NO:671, SEQ ID 
SEQ ID NO:679, SEQ ID NO:681, SEQ ID 
SEQ ID NO:689, SEQ ID NO:691, SEQ ID 
SEQ ID NO:699,SEQ ID NO:701, SEQ ID 
SEQ ID NO:709, SEQ ID NO:711, SEQ ID 
SEQ ID NO:719, SEQ ID NO:721, SEQ ID 
SEQ ID NO:729, SEQ ID NO:731, SEQ ID 
SEQ ID NO:739, SEQ ID NO:741, SEQ ID 
SEQ ID NO:749, SEQ ID NO:751, SEQ ID 
SEQ ID NO:759, SEQ ID NO:761, SEQ ID 
SEQ ID NO:769 5 SEQ ID NO:771, SEQ ID 
SEQ ID NO:779, SEQ ID NO:781, SEQ ID 
SEQ ID NO.-789, SEQ ID NO:791, SEQ ID 
SEQ ID NO:799,SEQ ID NO:801, SEQ ID 
SEQ ID NO:809, SEQ ID NO:81 1, SEQ ID 
SEQ ID NO:819, SEQ ID NO:821, SEQ ID 
SEQ ID NO:829, SEQ ID NO:831, SEQ ID 
SEQ ID NO:839, SEQ ID NO:841, SEQ ID 
SEQ ID NO:849, SEQ ID NO:851, SEQ ID 
SEQ ID NO:859, SEQ ID NO:861, SEQ ID 
SEQ ID NO:869, SEQ ID NO:871, SEQ ID 
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NO:873, SEQ ID NO:875, SEQ ID NO:877, SEQ ID NO:879, SEQ ID NO:881, SEQ ID 
NO:883, SEQ ID NO:885, SEQ ID NO:2, SEQ ID NO:4, SEQ ID N0:6, SEQ ID NO:8, SEQ 
ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO:18, SEQ ID NO:20, 
SEQ ID NO:22, SEQ ID NO:24, SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:30, SEQ ID 
NO:32, SEQ ID NO:34, SEQ ID NO:36, SEQ ID NO:38, SEQ ID NO:40, SEQ ID NO:42, 
SEQ ID NO:44, SEQ ID NO:46, SEQ ID NO:48, SEQ ID NO:50, SEQ ID NO:52, SEQ ID 
NO:54, SEQ ID NO:56, SEQ ID NO:58, SEQ ID NO:60, SEQ ID NO:62, SEQ ID NO:64, 
SEQ ID NO:66, SEQ ID NO:68, SEQ ID NO:70, SEQ ID NO:72, SEQ ID NO:74, SEQ ID 
NO:76, SEQ ID NO:78, SEQ ID NO:80, SEQ ID NO:82, SEQ ID NO:84, SEQ ID NO:86, 
SEQ ID NO: 88, SEQ ID NO:90, SEQ ID NO:92, SEQ ID NO:94, SEQ ID NO:96, SEQ ID 
NO:98, SEQ ID NO:100, SEQ ID NO:102, SEQ ID NO:104, SEQ ID NO:106, SEQ ID 
NO: 108, SEQ ID NO: 110, SEQ ID NO: 112, SEQ ID NO: 114, SEQ ID NO: 11 6, SEQ ID 
NO:l 18, SEQ ID NO:120, SEQ ID NO:122, SEQ ID NO:124, SEQ ID NO:126, SEQ ID 
NO: 128, SEQ ID NO: 130, SEQ ID NO: 132, SEQ ID NO: 134, SEQ ID NO: 136, SEQ ID 
NO:138, SEQ ID NO:140, SEQ ID NO:142, SEQ ID NO:143, SEQ ID NO:146, SEQ ID 
NO: 148, SEQ ID NO: 150, SEQ ID NO: 152, SEQ ID NO: 154, SEQ ID NO: 156, SEQ ID 
NO:158, SEQ ID NO:160, SEQ ID NO:162, SEQ ID NO:164, SEQ ID NO:166, SEQ ID 
NO:168, SEQ ID NO:170, SEQ ID NO:172, SEQ ID NO:174, SEQ ID NO:176, SEQ ID 
NO:178, SEQ ID NO:180, SEQ ID NO:182, SEQ ID NO:184, SEQ ID NO:186, SEQ ID 
NO:188, SEQ IDNO:190, SEQ IDNO:192, SEQ IDNO:194, SEQ IDNO:196, SEQ ID 
NO: 198, SEQ ID NO:200, SEQ ID NO:202, SEQ ID NO:204, SEQ ID NO:206, SEQ ID 
NO:208, SEQ ID NO:210, SEQ ID NO:212, SEQ IDNO:214, SEQ IDNO:216, SEQ ID 
NO:218, SEQ ID NO:220, SEQ ID NO:222, SEQ ID NO:224, SEQ ID NO:226, SEQ ID 
NO:228, SEQ ID NO:230, SEQ ID NO:232, SEQ ID NO:234, SEQ ID NO:236, SEQ ID 
NO:238, SEQ ID NO:240, SEQ ID NO:242, SEQ ID NO:244, SEQ ID NO:246, SEQ ID 
NO:248, SEQ ID NO:250, SEQ ID NO:252, SEQ ID NO:254, SEQ ID NO:256, SEQ ID 
NO:258, SEQ ID NO:260, SEQ ID NO:262, SEQ ID NO:264, SEQ ID NO:266, SEQ ID 
NO:268, SEQ ID NO:270, SEQ ID NO:272, SEQ ID NO:274, SEQ ID NO:276, SEQ ID 
NO:278, SEQ ID NO:280, SEQ ID NO:282, SEQ ID NO:284, SEQ ID NO:286, SEQ ID 
NO:288, SEQ ID NO.290, SEQ ID NO:292, SEQ ID NO:294, SEQ ID NO:296, SEQ ID 
NO:298, SEQ ID NO:300, SEQ ID NO:302, SEQ ID NO:304, SEQ ID NO:306, SEQ ID 
NO:308, SEQ ID NO:310, SEQ ID NO:312, SEQ ID NO:314, SEQ ID NO:316, SEQ ID 
NO:318, SEQ ID NO:320, SEQ ID NO:322, SEQ ID NO:324, SEQ ID NO:326, SEQ ID 
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NO:328, SEQ ID NO:330, SEQ ID NO:332, SEQ ID NO:334, SEQ ID NO:336, SEQ ID 
NO:338, SEQ ID NO:340, SEQ ID NO:342, SEQ ID NO:344, SEQ ID NO:346, SEQ ID 
NO:348, SEQ ID NO:350, SEQ ID NO:352, SEQ ID NO:354, SEQ ID NO:356, SEQ ID 
NO:358, SEQ ID NO:360, SEQ ID NO:362, SEQ ID NO:364, SEQ ID NO:366, SEQ ID 
NO:368, SEQ ID NO:3 70 5 SEQ ID NO:372, SEQ ID NO:374, SEQ ID NO:376, SEQ ID 
NO:378, SEQ ID NO:380, SEQ ID NO:382, SEQ ID NO:384, SEQ ID NO:386, SEQ ID 
NO:388 5 SEQ ID NO:390, SEQ ID NO:392, SEQ ID NO:394, SEQ ID NO:396, SEQ ID 
NO:398, SEQ ID NO:400, SEQ ID NO:402, SEQ ID NO:404, SEQ ID NO:406, SEQ ID 
NO:408, SEQ ID NO:410, SEQ ID NO:412, SEQ ID NO:414, SEQ ID NO:416, SEQ ID 
NO:418, SEQ ID NO:420, SEQ ID NO:422, SEQ ID NO:424, SEQ ID NO:426, SEQ ID 
NO:428, SEQ ID NO:430, SEQ ID NO:432, SEQ ID NO:434, SEQ ID NO:436, SEQ ID 
NO:438, SEQ ID NO:440, SEQ ID NO:442, SEQ ID NO:444, SEQ ID NO:446, SEQ ID 
NO:448, SEQ ID NO.450, SEQ ID NO.452, SEQ ID NO:454, SEQ ID NO:456, SEQ ID 
NO:458, SEQ ID NO:460, SEQ ID NO:462, SEQ ID NO:464, SEQ ID NO:466 5 SEQ ID 
NO:468, SEQ ID 240:470, SEQ ID NO:472, SEQ ID NO:474, SEQ ID NO:476, SEQ ID 
NO:478, SEQ ID NO:480, SEQ ID NO:482, SEQ ID NO:484, SEQ ID NO:486, SEQ ID 
NO:488, SEQ ID NO:490, SEQ ID NO:492, SEQ ID NO:494, SEQ ID NO:496, SEQ ID 
NO:498, SEQ ID NO:500, SEQ ID NO:502, SEQ ID NO:504, SEQ ID NO:506, SEQ ID 
NO:508, SEQ ID NO:510, SEQ ID NO:512, SEQ ID NO:514, SEQ ID NO:516, SEQ ID 
NO:518, SEQ ID NO:520, SEQ ID NO:522, SEQ ID NO:524, SEQ ID NO:526, SEQ ID 
NO:528, SEQ ID NO:530, SEQ ID NO:532, SEQ ID NO:534 5 SEQ ID NO:536, SEQ ID 
NO:538, SEQ ID NO:540, SEQ ID NO:542, SEQ ID NO:544, SEQ ID NO:546, SEQ ID 
NO:548, SEQ ID NO:550, SEQ ID NO:552, SEQ ID NO:554, SEQ ID NO:556, SEQ ID 
NO:558, SEQ ID NO:5 60 5 SEQ ID NO:562, SEQ ID NO:564, SEQ ID NO:566, SEQ ID 
NO:568, SEQ ID NO:570, SEQ ID NO:572, SEQ ID NO:574 5 SEQ ID NO:576, SEQ ID 
NO:578, SEQ ID NO:580, SEQ ID NO:582, SEQ ID NO:584 5 SEQ ID NO:586, SEQ ID 
NO:588, SEQ IDNO:590, SEQ ID NO:592 5 SEQ ID NO:594, SEQ ID NO:596, SEQ ID 
NO:598, SEQ ID NO:600, SEQ ID NO:602, SEQ ID NO:604, SEQ ID NO:606, SEQ ID 
NO:608, SEQ ID NO:610, SEQ ID NO:612, SEQ ID NO:614, SEQ ID NO:616, SEQ ID 
NO:618, SEQ ID NO:620, SEQ ID NO:622, SEQ ID NO:624, SEQ ID NO:626, SEQ ID 
NO:628, SEQ ID NO:630, SEQ ID NO:632, SEQ ID NO:634, SEQ ID NO:636, SEQ ID 
NO:638, SEQ ID NO:640, SEQ ID NO:642, SEQ ID NO:644, SEQ ID NO:646, SEQ ID 
NO:648, SEQ ID NO:650, SEQ ID NO:652, SEQ ID NO:654, SEQ ID NO:656, SEQ ID 
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NO:658, SEQ ID NO:660, SEQ ID NO:662, SEQ ID NO:664, SEQ ID NO:666, SEQ ID 
NO:668, SEQ ID NO:670, SEQ ID NO:672, SEQ ID NO:674, SEQ ID NO:676, SEQ ID 
NO:678, SEQ ID NO:680, SEQ ID NO:682, SEQ ID NO:684, SEQ ID NO:686, SEQ ID 
NO:688, SEQ ID NO:690, SEQ ID NO:692, SEQ ID NO:694, SEQ ID NO:696, SEQ ID 
NO:698, SEQ ID NO:700, SEQ ID NO:702, SEQ ID NO:704, SEQ ID NO:706, SEQ ID 
NO:708, SEQ IDNO:710, SEQ IDNO:712, SEQ IDNO:714, SEQ IDNO:716, SEQ ID 
NO:718, SEQ ID NO:720, SEQ ID NO:722, SEQ ID NO:724, SEQ ID NO:726, SEQ ID 
NO:728, SEQ ID NO:730, SEQ ID NO:732, SEQ ID NO:734, SEQ ID NO:736, SEQ ID 
NO:738, SEQ ID NO:740, SEQ ID NO:742, SEQ ID NO:744, SEQ ID NO:746, SEQ ID 
NO:748, SEQ ID NO:750, SEQ ID NO:752, SEQ ID NO:754, SEQ ID NO:756, SEQ ID 
NO:758, SEQ ID NO:760, SEQ ID NO:762, SEQ ID NO:764, SEQ ID NO:766, SEQ ID 
NO:768, SEQ ID NO:770, SEQ ID NO:772, SEQ ID NO:774, SEQ ID NO:776, SEQ ID 
NO:778, SEQ ID NO:780, SEQ ID NO:782, SEQ ID NO:784, SEQ ID NO:786, SEQ ID 
NO:788, SEQ ID NO:790, SEQ ID NO:792, SEQ ID NO:794, SEQ ID NO:796, SEQ ID 
NO:798, SEQ ID NO.800, SEQ ID NO.802, SEQ ID NO:804, SEQ ID NO.808, SEQ ID 
NO:808, SEQ ID NO:810, SEQ IDNO:812, SEQ IDNO:814, SEQ IDNO:816, SEQ ID 
NO:818, SEQ ID NO:820, SEQ ID NO:822, SEQ ID NO:824, SEQ ID NO:826, SEQ ID 
NO:828, SEQ ID NO:830, SEQ ID NO:832, SEQ ID NO:834, SEQ ID NO:836, SEQ ID 
NO:838, SEQ ID NO:840, SEQ ID NO:842, SEQ ID NO:844, SEQ ID NO:846, SEQ ID 
NO:848, SEQ ID NO:850, SEQ ID NO:852, SEQ ID NO:854, SEQ ID NO:856, SEQ ID 
NO:858, SEQ ID NO:860, SEQ ID NO:862, SEQ ID NO:864, SEQ ID NO:866, SEQ ID 
NO:868 5 SEQ ID NO:870, SEQ ID NO:872, SEQ ID NO:874, SEQ ID NO:876, SEQ ID 
NO:878, SEQ ID NO:880, SEQ ID NO:882, or SEQ ID NO:884. In one embodiment, the 
nucleic acid sequence has at least 95% identity. In another embodiment, the nucleic acid 
sequence has 100% identity. The invention also provides the polypeptide encoded by the 
nucleic acid sequences disclosed herein. Provided herein is a vector comprising the nucleic 
acid sequence provided herein, and a cell comprising said vector. 

[0034] Further provided herein is a feed or feed supplement comprising a recombinant 
protein or biologically active fragment thereof encoded by a nucleic acid sequence having at 
least 65% sequence identity to a shrimp gene or fragment thereof, wherein said shrimp gene is 
up-regulated during viral infection. In one embodiment, the shrimp gene is selected from a 
group of shrimp genes consisting of tetraspanin-2, P-selectin precursor, T-cell activation 
protein, anti-lipopolysaccharide factor, and heat shock protein STI1. In a specific embodiment, 
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the shrimp gene is in clone PvWl 1 A5, clone PvW4E03, clone PvW5G04, clone PvHBl 1, or 
clone PvW10D06. In some embodiment, the protein or biologically active fragment thereof is 
encoded by a nucleic acid listed in Appendix A2. The protein can provided within a cell or 
provided as a disrupted cell. 

[0035] Provided herein is a feed or feed supplement comprising a nucleic acid sequence of 
at least 65% sequence identity to a shrimp gene or biologically active portion thereof in a set of 
genes up-regulated by infection with a virus. The nucleic acid sequence can be a nucleic acid 
sequence listed in Appendix A2. In one embodiment, the shrimp gene is selected from a group 
of shrimp genes consisting of tetraspanin-2, P-selectin precursor, T-cell activation protein, anti- 
lipopolysaccharide factor, and heat shock protein STI1. In a specific embodiment, the shrimp 
gene is contained in clone PvWl 1 A5, clone PvW4E03, clone PvW5G04, clone PvHBl 1, or 
clone PvW10D06. The nucleic acid sequence can be contained or provided within a cell or 
provided as a disrupted cell. In some embodiments, the nucleic acid sequence is produced 
synthetically. 

[0036] Also provided herein is a feed or feed supplement comprising a recombinant protein 
or biologically active fragment thereof encoded by a nucleic acid sequence with at least 65% or 
sequence identity to a nucleic acid sequence found in the set of shrimp genes down-regulated 
with viral infection. In one embodiment, the protein is gamma-interferon inducible lysosomal 
thiol reductase precursor, interleukin enhancer-binding factor 3, NF-kappaB essential 
modulator, chitinase, prophenoloxidase-activating proteinase 2, O-sialoglycoprotein 
endopeptidase, ubiquitin, or lysozyme. In a specific embodiment, the protein is encoded by a 
nucleic acid sequence selected from the group of shrimp nucleic acid sequence contained in 
clonePvHlA02, clone PvW8B06, clone PvW8E09, clone PvW9El 1, clone PvW4F07, clone 
PvHC06, clone PvW04C06, and clone PvW10F4. In some embodiments, the protein or 
biologically active fragment thereof is encoded by a nucleic acid sequence listed in Appendix 
Al . The protein can be provided within a cell or provided as a disrupted cell. 

[0037] Provided herein is a feed or feed supplement comprising a nucleic acid sequence 
with at least 65% sequence identity to a shrimp gene or biologically active fragment thereof, 
wherein said nucleic acid sequence encodes a shrimp gene down-regulated at or during viral 
infection. The nucleic acid sequence can be one listed in Appendix A. In some embodiments, 
the shrimp gene is gamma-interferon inducible lysosomal thiol reductase precursor, interleukin 
enhancer-binding factor 3, NF-kappaB essential modulator, chitinase, prophenoloxidase- 
activating proteinase 2, O-sialoglycoprotein endopeptidase, ubiquitin, and lysozyme. In a 
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specific embodiment, the shrimp nucleic acid sequence is contained in clonePvHl A02, clone 
PvW8B06, clone PvW8E09, clone PvW9Ell, clone PvW4F07, clone PvHC06, clone 
PvW04C06, and clone PvW10F4. The nucleic acid sequence can be provided within a cell or 
provided as a disrupted celL In some embodiments, the nucleic acid sequence is produced 
synthetically. 

[0038] Further provided herein is a therapeutic comprising a recombinant protein or 
biologically active portion thereof having at least 65% sequence identity to a shrimp protein 
encoded by a shrimp gene up-regulated during viral infection. In one embodiment, the shrimp 
gene is a nucleic acid sequence listed in Appendix A2. The shrimp gene can be tetraspanin-2, 
P-selectin precursor, T-cell activation protein, anti-lipopolysaccharide factor, and heat shock 
protein STI1 . In a specific embodiment, the shrimp gene is contained in clone PvWl 1 A5, 
clone PvW4E03, clone PvW5G04, clone PvHBl 1, and clone PvW10D06. The protein or 
biologically active portion thereof can be delivered orally, by immersion, by injection, or any 
suitable method. 

[0039] Provided herein is a therapeutic comprising a nucleic acid sequence of at least 65% 
or greater sequence identity to a shrimp gene or biologically active fragment thereof that is up- 
regulated by infection with a virus. The shrimp gene can be selected from those listed in 
Appendix A2. In one embodiment, the shrimp gene is tetraspanin-2, P-selectin precursor, T- 
cell activation protein, anti-lipopolysaccharide factor, and heat shock protein STI1. In a 
specific embodiment, the shrimp gene is contained in clone PvWl 1 A5, clone PvW4E03, clone 
PvW5G04, clone PvHBl 1, and clone PvW10DO6. The nucleic acid sequence can be delivered 
orally, by immersion, by injection, or any suitable method that permits expression. 

[0040] Further provided is a therapeutic comprising a recombinant protein or biologically 
active fragment thereof encoded by a nucleic acid sequence with at least 65% sequence identity 
to a shrimp protein down-regulated by infection with a virus. The protein or biologically 
active fragement thereof can be encoded by a nucleic acid sequence listed in Appendix Al . In 
one embodiment, the protein or biologically active fragment thereof is gamma-interferon 
inducible lysosomal thiol reductase precursor, irxterleuldn enhancer-binding factor 3, NF- 
kappaB essential modulator, chitinase, prophenoloxidase-activating proteinase 2, O- 
sialoglycoprotein endopeptidase, ubiquitin, or lysozyme. In a specific embodiment, the protein 
or biologically active fragment thereof is contained in clonePvHl A02, clone PvW8B06, clone 
PvW8E09, clone PvW9Ell, clone PvW4F07, clone PvHC06, clone PvW04C06, or clone 
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PvW10F4. The protein or biologically active portion thereof can be delivered orally, by 
immersion, by injection, or any suitable method. 

[0041] Also provided herein is a therapeutic comprising a nucleic acid sequence of at least 
65% sequence identity to a shrimp gene or faction thereof down-regulated by infection with a 
virus. The nucleic acid sequence can be one listed in Appendix Al. In one embodiment, the 
nucleic acid sequence is gamma-interferon inducible lysosomal thiol reductase precursor, 
interleukin enhancer-binding factor 3, NF-kappaB essential modulator, chitinase, 
prophenoloxidase-activating proteinase 2, O-sialoglycoprotein endopeptidase, ubiquitin, and 
lysozyme. In a specific embodiment, the nucleic acid sequence is contained in clone 
PvHl A02, clone PvW8B06, clone PvW8E09, clone PvW9El 1, clone PvW4F07, clone 
PvHC06, clone PvW04C06, or clone PvW10F4. The nucleic acid sequence can be delivered 
orally, by immersion, by injection, or any suitable method that permits expression. 

[0042] Provided in a screening method for identifying a substrate of a protein that is up- 
regulated following infection by a pathogen, comprising: (a) providing a polypeptide of the 
invention; or a polypeptide encoded by a nucleic acid of the invention; (b) providing a test 
substrate; and (c) contacting the polypeptide of step (a) with the test substrate of step (b) and 
detecting a decrease in the amount of substrate or an increase in the amount of reaction 
product, wherein a decrease in the amount of the substrate or an increase in the amount of a 
reaction product identifies the test substrate as the polypeptide substrate. The protein can be 
encoded by a nucleic acid sequence selected from Appendix A2. In one embodiment, the 
protein is tetraspanin-2, P-selectin precursor, T-cell activation protein, anti-lipopolysaccharide 
factor, or heat shock protein STI1 . In a specific embodiment, the protein is encoded by the 
nucleic acid seqeunce contained in clone PvWl 1 A5, clone PvW4E03, clone PvW5G04, clone 
PvHBl 1, or clone PvW10D06. 

[0043] Further provided herein is a screening method cfor identifying a substrate of a 
protein that is down-regulated following infection by a pathogen, comprising: (a) providing a 
polypeptide of the invention; or a polypeptide encoded by a nucleic acid of the invention; (b) 
providing a test substrate; and (c) contacting the polypeptide of step (a) with the test substrate 
of step (b) and detecting a decrease in the amount of substrate or an increase in the amount of 
reaction product, wherein a decrease in the amount of the substrate or an increase in the 
amount of a reaction product identifies the test substrate as the polypeptide substrate. The 
protein can be encoded by a nucleic acid sequenced selected from Appendix Al . In one 
embodiment, the protein is gamina-interferon inducible lysosomal thiol reductase precursor, 
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interleukin enhancer-binding factor 3, NF-kappaB essential modulator, chitinase, 
prophenoloxidase-activating proteinase 2, O-sialo glycoprotein endopeptidase, ubiquitin, or 
lysozyme. In a specific embodiment, the protein is encoded by the nucleic acid sequence 
contained in clonePvHlA02, clone PvW8B06, clone PvW8E09 5 clone PvW9Ell, clone 
PvW4F07, clone PvHC06, clone PvW04C06, or clone PvW10F4. 

[0044] Also provided hererin is a diagnostic kit for evaluation of infection in crustaceans in 
aquaculture and food processing comprising at least one differentially expressed gene as a 
nucleic acid or recombinant polypeptide, wherein the gene can be used to identify a crustacean 
as being infected or non-infected with the pathogen of interest; and optionally instructions for 
use of the kit. The gene can be one selected from Appendix Al or Appendix A2. 

[0045] Provided herein is a method for treating or preventing infection by a pathogen in an 
aquatic animal, comprising providing at least one differentially expressed gene as a nucleic 
acid or recombinant polypeptide, wherein the gene is up-regulated with infection by the 
pathogen. The gene can be one selected from Appendix A2. In one embodiment, the gene is 
tetraspanin-2, P-selectin precursor, T-cell activation protein, anti-lipopolysaccharide factor, or 
heat shock protein STI1 . In a specific embodiment, the gene is contained in clone PvWl 1 A5, 
clone PvW4E03, clone PvW5G04, clone PvHBl 1, or clone PvW10D06. 

[0046] Further provided herein is a method for treating or preventing infection by a 
pathogen in an aquatic animal, comprising providing at least one differentially expressed gene 
as a nucleic acid or recombinant polypeptide, wherein the gene is down-regulated with 
infection by the pathogen. The gene can be one selected from Appendix Al . In one 
embodiment, the gene is gamma-interferon inducible lysosomal thiol reductase precursor, 
interleukin enhancer-binding factor 3 9 NF-kappaB essential modulator, chitinase, 
prophenoloxidase-activating proteinase 2, O-sialoglycoprotein endopeptidase, ubiquitin, or 
lysozyme. In a specific embodiment, the gene is the nucleic acid sequence contained 
clonePvHl A02, clone PvW8B06, clone PvW8E09, clone PvW9El 1, clone PvW4F07, clone 
PvHC06, clone PvW04C06, or clone PvW10F4. The aquatic animal is a crustacean, preferably 
a shrimp. 

[0047] Also provided herein is an inhibitory RNA molecule comprising a nucleic acid 
sequence comprising a nucleic acid sequence or fragment thereof, or complementary sequence, 
of the nucleic acid sequence listed in Appendix Al or A2. In one embodiment, the inhibitory 
RNA molecule can be used in a method of preventing or treating infection of an aquatic animal 
comprising administering the inhibitory RNA molecule to the animal. The inhibitory RNA 
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molecule can be used in a feed or feed supplement. The inhibitory RNA molecule can be 
provided in a cell or as a disrupted cell. The cell can be a bacterial, yeast, insect, fish, 
crustacean, or mammalian cell. 

[0048] Provided herein is a method of identifying shrimp lines that are resistant to viral, 
bacterial, or fungal diseases, comprising identifying at least one differentially expressed gene 
as a nucleic acid or protein, wherein the gene comprises a nucleic acid sequence provided in 
Appendix Al or Appendix A2. 

[0049] Further provided herein is a method of screening for a therapeutic that modulates 
infectious disease in an aquatic animal, comprising identifying a compound which modulates 
the expression of the gene as a nucleic acid sequence or protein in an infected animal, wherein 
the gene comprises a nucleic acid sequence listed in Appendix Al or Appendix A2, whereby 
the compound is identified as a modulator of infectious disease when said modulation results in 
the ameriolation or prevention of one or more symptoms caused by the infection. 

[0050] Also provided herein is a microsatellite marker comprising at least one nucleic acid 
sequence listed in Appendix Al or Appendix A2. Provided herein is a method of developing 
microsatellite markers employing at least one nucleic acid sequence listed in Appendix Al or 
Appendix A2. 

[0051] Provided herein is a microarry comprising at least one nucleic acid sequence or 
biologically active fragment thereof listed in Appendix Al or Appendix A2. 

[0052] Further provided is a biopesticide comprising at least one nucleic acid sequence or 
biologically active fragment thereof listed in Appendix Al or Appendix A2. 

[0053] Provided is a method for developing a biopesticide employing at least one nucleic 
acid sequence or biologically active fragment thereof listed in Appendix Al or Appendix A2. 

[0054] Further provided is a transgenic plant expressing a protein or biologically active 
fragment thereof encoded by a nucleic acid sequence disclosed in Appendix Al or Appendix 
A2. 

Definitions 

[0055] Unless defined otherwise, all technical and scientific terms used herein have the 
same meaning as is commonly understood by one of ordinary skill in the art to which this 
invention belongs. All patents, published patent applications and other publications and 
sequences from GenBank and other databases referred to herein are incorporated by reference 
in their entirety. If a definition set forth in this section is contrary to or otherwise inconsistent 
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with a definition set forth in patents, published patent applications and other publications and 
sequences from GenBank and other data bases that are herein incorporated by reference, the 
definition set forth in this section prevails over the definition that is incorporated herein by 
reference. 

[0056] As used herein, "a" or "an" means "at least one" or "one or more." 

[0057] As used herein, the term "aquaculture" refers to the cultivation of aquatic organisms 
under controlled conditions. An "aquatic organism" is an organism grown in water, either 
fresh- or saltwater. Aquatic organisms, include, but are not limited to, fish, e.g., bass, striped 
bass, tilapia, catfish, sea bream, rainbow trout, zebrafish, red drum, and carp; crustaceans, e.g., 
penaeid shrimp, brine shrimp, freshwater shrimp, and Artemia; and rotifers. 

[0058] A "coding sequence" is an in-frame sequence of codons that (in view of the genetic 
code) correspond to or encode a protein or peptide sequence. Two coding sequences show 
similarity ox homology to each other if the sequences or theix complementary sequences 
encode the same or similar amino acids. 

[0059] An "EST" or "expressed sequence tag" is a piece of nucleic acid that is found under 
specific conditions and is derived from a cDNA library. A unique DNA sequence derived 
from a cDNA library (therefore from a sequence which has been transcribed in some tissue or 
at some stage of development). The EST can be mapped, by a combination of genetic mapping 
procedures, to a unique locus in the genome and serves to identify that genetic locus. 

[0060] A "feed" refers to a preparation providing nutritional value to an aquatic animals 
including, but not limited to fish, shrimp, lobsters, crawfish, rnollusks, sponges, and jellyfish. 

[0061] A "feed additive" is any substance added to feed, regardless of nutritional or 
therapeutic value. 

[0062] As used herein, the term "shrimp" refers to any of the group of crustaceans that are 
commonly cultured for aquaculture or captured in the wild fisheries. The term "shrimp" 
includes shrimp eggs, shrimp larvae, shrimp post-larvae and adult shrimp. The term "shrimp" 
and "prawn" will be used interchangeably throughout the specification. Shrimp an be, but are 
not limited to Penaeus shrimp and include the species Penaeus vannamei, Penaeus chinensis, 
Penaeus monodon, Penaeus stylirostris, Penaeus japonicus, Penaeus penicillatus, Penaeus 
merguiensis, Penaeus indicus, Penaeus subtilis, Penaeus paulensis, Penaeus setiferus, Penaeus 
brasiliensis, Penaeus duorarum, Penaeus occidentalis, Penaeus schmitti, Penaeus 
calif orniensis, Penaeus semisulcatus, Penaeus latisulcatus } Metapenaeus monoceros, 
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Metapenaeus dobsoni, Metapenaeus affiriis, and Metapenaeus brivicornis; and Litopenaeid 
shrimp (such as Litopenaeus vannamei, L. setiferus). 

[0063] "Contig" refers to a continuous sequence of DNA that has been assembled from 
overlapping nucleotide sequence of cDNA clones. 

[0064] "Singleton" refers to a single EST sequence representing a particular gene. 

[0065] "Unigene set" refers to non-redundent set of gene-oriented clusters. 

[0066] The term "antibody" includes a peptide or polypeptide derived from, modeled after 
or substantially encoded by an immunoglobulin gene or immunoglobulin genes, or fragments 
thereof, capable of specifically binding an antigen or epitope, see, e.g. Fundamental 
Immunology, Third Edition, W.E. Paul, ed., Raven Press, N.Y. (1 993); Wilson (1994) J. 
Immunol. Methods 175:267-273; Yarmush (1992) J. Biochem. Biophys. Methods 25:85-97. 
The term antibody includes antigen-binding portions, i.e., "antigen binding sites," (e.g., 
fragments, subsequences, complementarity determining regions (CDRs)) that retain capacity to 
bind antigen, including (i) a Fab fragment, a monovalent fragment consisting of the VL, VH, 
CL and CHI domains; (ii) a F(ab')2 fragment, a bivalent fragment comprising two Fab 
fragments linked by a disulfide bridge at the hinge region; (iii) a Fd fragment consisting of the 
VH and CHI domains; (iv) a Fv fragment consisting of the VL and VH domains of a single 
arm of an antibody, (v) a dAb fragment (Ward et al, (1989) Nature 341 :544-546), which 
consists of a VH domain; and (vi) an isolated complementarity determining region (CDR). 
Single chain antibodies are also included by reference in the term "antibody." 

[0067] The terms "array" or "microarray" or "biochip" or "chip" as used herein is a 
plurality of target elements, each target element comprising a defined amount of one or more 
polypeptides (including antibodies) or nucleic acids immobilized onto a defined area of a 
substrate surface, as discussed in further detail, below. 

[0068] The term "expression cassette" as used herein refers to a nucleotide sequence which 
is capable of affecting expression of a structural gene (i.e., a protein coding sequence, such as 
an recombinant protein encoded by a nucleic acid of the invention) in a host compatible with 
such sequences. Expression cassettes include at least a promoter operably linked with the 
polypeptide coding sequence; and, optionally, with other sequences, e.g., transcription 
termination signals. Additional factors necessary or helpful in effecting expression may also 
be used, e.g., enhancers. Thus, expression cassettes also include plasmids, expression vectors, 
recombinant viruses, any form of recombinant "naked DNA" vector, and the like. 
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[0069] "Operably linked" as used herein refers to a functional relationship between two or 
more nucleic acid (e.g., DNA) segments. Typically, it refers to the functional relationship of 
transcriptional regulatory sequence to a transcribed sequence. For example, a promoter is 
operably linked to a coding sequence, such as a nucleic acid of the invention, if it stimulates or 
modulates the transcription of the coding sequence in an appropriate host cell or other 
expression system. Generally, promoter transcriptional regulatory sequences that are operably 
linked to a transcribed sequence are physically contiguous to the transcribed sequence, i.e., 
they are c/s-acting. However, some transcriptional regulatory sequences, such as enhancers, 
need not be physically contiguous or located in close proximity to the coding sequences whose 
transcription they enhance. 

[0070] A "vector" comprises a nucleic acid which can infect, transfect, transiently or 
permanently transduce a cell. It will be recognized that a vector can be a naked nucleic acid, or 
a nucleic acid complexed with protein or lipid. The vector optionally comprises viral or 
bacterial nucleic acids and/or proteins, and/or membranes (e.g., a cell membrane, a viral lipid 
envelope, etc.). Vectors include, but are not limited to replicons (e.g., RNA replicons, 
bacteriophages) to which fragments of DNA may be attached and become replicated. Vectors 
thus include, but are not limited to RNA, autonomous self-replicating circular or linear DNA or 
RNA (e.g., plasmids, viruses, and the like, see, e.g., U.S. Patent No. 5,217,879), and include 
both the expression and non-expression plasmids. Where a recombinant microorganism or cell 
culture is described as hosting an "expression vector" this includes both extra-chromosomal 
circular and linear DNA and DNA that has been incorporated into the host chromosome(s). 
Where a vector is being maintained by a host cell, the vector may either be stably replicated by 
the cells during mitosis as an autonomous structure, or is incorporated within the host's 
genome. 

[0071] As used herein, the term "promoter" includes all sequences capable of driving 
transcription of a coding sequence in a cell, e.g., a plant cell. Thus, promoters used in the 
constructs of the invention include e/s-acting transcriptional control elements and regulatory 
sequences that are involved in regulating or modulating the timing and/or rate of transcription 
of a gene. For example, a promoter can be a exacting transcriptional control element, 
including an enhancer, a promoter, a transcription terminator, an origin of replication, a 
chromosomal integration sequence, 5' and 3' untranslated regions, or an intronic sequence, 
which are involved in transcriptional regulation. These cis-acting sequences typically interact 
with proteins or other biomolecules to carry out (turn on/off, regulate, modulate, etc.) 
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transcription. "Constitutive" promoters are those that drive expression continuously under 
most environmental conditions and states of development or cell differentiation. "Inducible" 
or "regulatable" promoters direct expression of the nucleic acid of the invention under the 
influence of environmental conditions or developmental conditions. Examples of 
environmental conditions that may affect transcription by inducible promoters include 
anaerobic conditions, elevated temperature, drought, or the presence of light. 

[0072] "Plasmids" can be commercially available, publicly available on an unrestricted 
basis, or can be constructed from available plasmids in accord with published procedures. 
Equivalent plasmids to those described herein are known in the art and will be apparent to the 
ordinarily skilled artisan. 

[0073] The term "gene" includes a nucleic acid sequence comprising a segnxent of DNA 
involved in producing a transcription product (e.g., a message), which in turn is translated to 
produce a polypeptide chain, or regulates gene transcription, reproduction or stability. Genes 
can include regions preceding and following the coding region, such as leader and trailer, 
promoters and enhancers, as well as, where applicable, intervening sequences (introns) 
between individual coding segments (exons). 

[0074] The phrases "nucleic acid" or "nucleic acid sequence" includes oligonucleotide, 
nucleotide, polynucleotide, or to a fragment of any of these, to DNA or RNA (e.g., mRNA, 
rRNA, tRNA) of genomic or synthetic origin which may be single-stranded or double-stranded 
and may represent a sense or antisense strand, to peptide nucleic acid (PNA), or to any DNA- 
like or RNA-like material, natural or synthetic in origin, including, e.g., iRNA, 
ribonucleoproteins (e.g., iRNPs). The term encompasses nucleic acids, i.e., oligonucleotides, 
containing known analogues of natural nucleotides. The term also encompasses nucleic-acid- 
like structures with synthetic backbones, see e.g., Mata (1997) Toxicol. Appl. Pharmacol. 
144:189-197; Strauss-Soukup (1997) Biochemistry 36:8692-8698; Samstag (1996) Antisense 
Nucleic Acid Drug Dev 6:153-156. 

[0075] "Amino acid" or "amino acid sequence" include an oligopeptide, peptide, 
polypeptide, or protein sequence, or to a fragment, portion, or subunit of any of these, and to 
naturally occurring or synthetic molecules. The terms "polypeptide" and "protein" include 
amino acids joined to each other by peptide bonds or modified peptide bonds, i.e., peptide 
isosteres, and may contain modified amino acids other than the 20 gene-encoded amino acids. 
The term "polypeptide" also includes peptides and polypeptide fragments, motifs and the like. 
The term also includes glycosylated polypeptides. The peptides and polypeptides of the 



21 



WO 2005/084312 



PCT/US2005/006626 



invention also include all "mimetic" and "peptidomimetic" forms, as described in further 
detail, below. 

[0076] As used herein, the term "biologically active fragment thereof 5 thereof refers to a 
fragment of the protein or nucleic acid that retains at least one biological activity of the whole 
sequence. In one embodiment, the fragment retains all of the relevant biological activities of 
the protein or nucleic acid sequence. For example, the biologically active fragment of a 
protein is one that protects the organism growing in aquaculture from one or more deleterious 
effects of a pathogen, preferably a virus. 

[0077] The term "isolated" includes a material removed from its original environment, e.g., 
the natural environment if it is naturally occurring. For example, a naturally occurring 
polynucleotide or polypeptide present in a living animal is not isolated, but the same 
polynucleotide or polypeptide, separated from some or all of the coexisting materials in the 
natural system, is isolated. Such polynucleotides could be part of a vector and/or such 
polynucleotides or polypeptides could be part of a composition, and still be isolated in that 
such vector or composition is not part of its natural environment. As used herein, an isolated 
material or composition can also be a "purified" composition, i.e., it does not require absolute 
purity; rather, it is intended as a relative definition. Individual nucleic acids obtained from a 
library can be conventionally purified to electrophoretic homogeneity. In alternative aspects, 
the invention provides nucleic acids which have been purified from genomic DNA or from 
other sequences in a library or other environment by at least one, two, three, four, five or more 
orders of magnitude. 

[0078] As used herein, the term "recombinant" can include nucleic acids adjacent to a 
"backbone" nucleic acid to which it is not adjacent in its natural environment. In one aspect, 
nucleic acids represent 5% or more of the number of nucleic acid inserts in a population of 
nucleic acid "backbone molecules." "Backbone molecules" according to the invention include 
nucleic acids such as expression vectors, self-replicating nucleic acids, viruses, integrating 
nucleic acids, and other vectors or nucleic acids used to maintain or manipulate a nucleic acid 
insert of interest. In one aspect, the (isolated, recombinant, enriched) nucleic acids represent 
50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%o, 99%, or more of the number of nucleic acid inserts in the population of recombinant 
backbone molecules. "Recombinant" polypeptides or proteins refer to polypeptides or proteins 
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produced by recombinant DNA techniques; e.g., produced from cells transformed by an 
exogenous DNA construct encoding the desired polypeptide or protein. "Synthetic" 
polypeptides or protein are those prepared by chemical synthesis, as described in further detail, 
below. 

[0079] A promoter sequence can be "operably linked to" a coding sequence when RNA 
polymerase which initiates transcription at the promoter will transcribe the coding sequence 
into mRNA, as discussed further, below. 

[0080] "Oligonucleotide" includes either a single stranded polydeoxynucleotide or two 
complementary polydeoxynucleotide strands which may be chemically synthesized. Such 
synthetic oligonucleotides have no 5' phosphate and thus will not ligate to another 
oligonucleotide without adding a phosphate with an ATP in the presence of a kinase. A 
synthetic oligonucleotide can ligate to a fragment that has not been dephosphorylated. 

[0081] The phrase "substantially identical" in the context of two nucleic acids or 
polypeptides, can refer to two or more sequences that have, e.g., at least about 50%, 51%> ? 52%, 
53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 
69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more 
nucleotide or amino acid residue (sequence) identity, when compared and aligned for 
maximum correspondence, as measured using one any known sequence comparison algorithm, 
as discussed in detail below, or by visual inspection. In alternative aspects, the invention, 
provides nucleic acid and polypeptide sequences having substantial identity to an exemplary 
sequence of the invention over a region of at least about 10, 20, 30, 40, 50, 100, 150, 200 ^ 250, 
300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000 or more residnes, 
or a region ranging from between about 50 residues to the full length of the nucleic acid or 
polypeptide. Nucleic acid sequences of the invention can be substantially identical over the 
entire length of a polypeptide coding region. 

[0082] A "substantially identical" amino acid sequence also can include a sequence that 
differs from a reference sequence by one or more conservative or non-conservative amino acid 
substitutions, deletions, or insertions, particularly when such a substitution occurs at a site that 
is not the active site of the molecule, and provided that the polypeptide essentially retains its 
functional properties. A conservative amino acid substitution, for example, substitutes one 
amino acid for another of the same class (e.g., substitution of one hydrophobic amino acid, 
such as isoleucine, valine, leucine, or methionine, for another, or substitution of one polar 
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amino acid for another, such as substitution of arginine for lysine, glutamic acid for aspartic 
acid or glutamine for asparagine). One or more amino acids can be deleted, for example, from 
a recombinant protein encoded by a nucleic acid of the invention, resulting in modification of 
the structure of the polypeptide, without significantly altering its biological activity. For 
example, amino- or carboxyl-terminal amino acids that are not required for the protein's 
activity can be removed. 

[0083] "Hybridization" includes the process by which a nucleic acid strand joins with a 
complementary strand through base pairing. Hybridization reactions can be sensitive and 
selective so that a particular sequence of interest can be identified even in samples in which it 
is present at low concentrations. Stringent conditions can be defined by, for example, the 
concentrations of salt or formamide in the prehybridization and hybridization solutions, or by 
the hybridization temperature, and are well known in the art. For example, stringency can be 
increased by reducing the concentration of salt, increasing the concentration of formamide, or 
raising the hybridization temperature, altering the time of hybridization, as described in detail, 
below. In alternative aspects, nucleic acids of the invention are defined by their ability to 
hybridize under various stringency conditions (e.g., high, medium, and low), as set forth 
herein. 

[0084] "Variant" includes polynucleotides or polypeptides of the invention modified at one 
or more base pairs, codons, introns, exons, or amino acid residues (respectively) yet still retain 
the biological activity of the recombinant polypeptide of the invention. 

[0085] As used herein, the term "therapeutic" refers to a protein or biologically active 
fragment thereof, or a nucleic acid sequence encoding the protein or fragment thereof that can 
heal, or provide a remedial, palliative, or preventive effect on a pathologic process. 
Therapeutic substances and compounds can be used to treat medical diseases, disorders, 
conditions, or syndromes. 

[0086] As used herein, the term "macroalgae" refers to algae that form structures easily 
discernable with the naked eye in at least one life stage. Usually these organisms have 
secondary vascularization and organs. Examples of different groups containing macroalgae 
include, but are not limited to, the chlorophyta, rhodophyta, and phaeophyta. 

[0087] As used herein, the term "microalgae" include both prokaryotic and eukaryotic 
algae that are classed in many different genera. Prokaryotic algae are typically referred to as 
cyanobacteria or bluegreen algae. Eukaryotic microalgae come from many different genera, 
some of which overlap with the macroalgae, but can be generally differentiated by their size 
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and lack of defined organs. Microalgae can have specialized cell types. Examples of different 
groups containing microalgae include, but are not limited to the chlorophyta, rhodophyta, 
phaeophyta, dinophyta, euglenophyta, cyanophyta, prochlorophyta, and cryptophyta. 

[0088] As used herein, the term "up-regulated" refers to an increase of mRNA or protein 
expression in a crustacean infected with a pathogen, preferably a virus, when compared to an 
uninfected crustacean. 

[0089] As used herein, the term "down-regulated" refers to a decrease of mRNA or protein 
expression in a crustacean infected with a pathogen, preferably a virus, when compared to an 
uninfected crustacean. 

ESTs, nucleic acids, polypeptides, and fragments thereof 

[0090] Provided herein is a composition consisting of a set of differentially expressed gene 
selected by their differential expression in viral-infected shrimp relative to non-virally- 
infected, or healthy shrimp. Expressed sequence tag (EST) analysis is an effective, 
comprehensive, and relatively straightforward method of examining gene expression. This 
method is particularly useful for species where no or limited information is available regarding 
the genome of the species. An EST approach was used to examine gene expression in different 
tissues (cephalothorax, eyestalks, and pleopod) in black tiger shrimp, P. monodon (Lehnert et 
at 9 1999). The putative identities of many of these ESTs revealed the occurrence of tissue- 
specific expression that includes novel genes. A number of immune genes have also been 
isolated from the hemocyte and hepatopancreas cDNA libraries from cultured specific 
pathogen free (SPF) Penaeus (Litopenaeus) vannamei shrimp and wild P. setiferns (Gross et 
at, 2001). Among these shrimp, anti-microbial peptides and lectins were most prevalent in the 
hemocyte and hepatopancreas cDNA libraries, respectively (Gross et al, 2001). Immune 
genes isolated by EST analysis from a hemocyte cDNA library of P. monodon include genes 
that are involved in the clotting system and the prophenoloxidase-activating system, as well as 
antioxidative enzymes, antimicrobial peptides, and serine protease inhibitors (Supungul et at 9 
2002). Recently, Rojtinnalcom et at (2002) compared the mRNA expression profiles of 
healthy and WSSV-infected kuruma prawns {Penaeus japonic us) by EST analysis of 
hemocytes. Hemocytes and hepatopancreas tissue represent the core of the primitive immune 
system found in shrimp and most other invertebrates. Humoral immune responses are initiated 
in the shrimp hepatopancreas while both humoral and cellular components of the immune 
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system are found in the hemocyte population. Applicants are unaware of any priox analysis of 
hematopancreatic gene expression in the presence or absence of viral infection in shrimp. 

[0091] Thus, one aspect of the present invention is a composition of ESTs representing 
differentially expressed genes and substantially identical nucleic acids in the presence and 
absence of infection in crustaceans. Any suitable crustacean can be analyzed. In one 
embodiment, the crustacean is a shrimp. In a preferred embodiment, the shrimp is a P. 
vannamei shrimp. Any suitable type of infection can be analyzed. In one embodiment, the 
infection is a viral infection. The virus can be white spot syndrome virus, Taura syndrome 
virus, infectious hypodermal and hematopoietic virus, yellowhead virus or baculo^virus penae. 
In a preferred embodiment, the virus is a member of the genus Whispovirus. Most: preferably, 
the virus is white spot syndrome virus (WSSV). Differential expression of genes include, but 
are not limited to genes that are up or down regulated relative to the genes expressed in a non- 
infected crustacean. 

[0092] In one embodiment, differential gene expression is determined using E STs isolated 
from cDNA libraries of virally-infected shrimp and non-virally infected shrimp. The gene 
expression can be determined using the hepatopancreas tissue or the hemocyte population. 
Preferrably, the hepatopancreas tissue is the source of the ESTs. Any suitable numbers of 
ESTs may be considered. 

[0093] Gene expression can be analyzed at any time during infection, including but not 
limited to time periods representing the onset of infection or the resolving of infection as well 
as during acute and chronic infections. In one embodiment, the EST isolated specifically 
correspond to the onset of infection, particularly that of viral disease. It is contemplated that 
gene expression analysis may also be performed if the crustacean has more than one infective 
entity. 

[0094] In a specific embodiment, the ESTs are isolated from shrimp that non-infected or 
infected with WSSV at the onset of viral infection. 

[0095] Therefore, the invention provides isolated and recombinant nucleic acicis, including 
ESTs. The invention further provides probes comprising or consisting of nucleic acids, e.g., 
ESTs, of the invention. 

[0096] The invention provides isolated or recombinant nucleic acids comprising a nucleic 
acid sequence having at least about 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 7^4%, 75%, 
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
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92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more, or complete (100%) sequence identity 
to an exemplary nucleic acid of the invention over a region of at least about 10, 15, 20, 25, 30, 
35, 40, 45, 50, 55, 60, 65, 70, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 
700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 1400, 1450, 
1500, 1550 or more, residues. In one aspect, the nucleic acid encodes at least one polypeptide 
having a biologic activity, and the sequence identities are determined by analysis with a 
sequence comparison algorithm or by a visual inspection. In another aspect, the invention 
provides nucleic acids for use as probes, inhibitory molecules (e.g., antisense, iRNAs), 
transcriptional or translational regulation, and the like. Exemplary nucleic acids of the 
invention include isolated or recombinant nucleic acids comprising a nucleic acid sequence as 
set forth in Appendix A, and subsequences thereof, e.g., at least about 10, 15, 20, 25, 30, 35, 
40, 45, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 
900, 950, 1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 1400, 1450, 1500 or more residues 
in length, or over the full length of a gene or transcript. 

[0097] Another aspect of the invention is an isolated or recombinant nucleic acid including 
at least 10 consecutive bases of a nucleic acid sequence of the invention, sequences 
substantially identical thereto, and the sequences complementary thereto. 

[0098] The invention provides isolated or recombinant nucleic acids comprising a 
sequence that hybridizes under stringent conditions to a nucleic acid of the invention, e.g., any 
one of the sequences in Appendix A. The nucleic acid can be at least about 50, 75, 100, 150, 
200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 
1100, 1150, 1200, 1250, 1300, 1350, 1400, 1450, 1500 or more residues in length or the full 
length of the gene or transcript. In one aspect, the stringent conditions include a wash step 
comprising a wash in 0.1X SSC at a temperature of about 65°C for about 15 minutes. 

[0099] In a specific embodiment, the gene of interest is a lectin gene. Lectin are known to 
plays a critical role in the innate immunity in vertebrates by activating complement factor after 
binding to the carbohydrate moieties on the surfaces of viral capsid proteins (Vorup- Jensen et 
aL, 2000). In humans, the C-type lectin exhibits CD4-independent binding of the envelope 
glycoprotein, gpl20, of human immunodeficiency virus (HIV) (Curtis et al, 1992). Human 
MBL was also shown to bind to the envelope proteins of the influenza A virus, neutralizing the 
virus by inhibiting the spread of the virus and simultaneously activating the complement 
cascade (Kase et aL, 1999; Malhotra et at, 1994). Replacement of MBL to MBL-deficient 
human has shown encouraging results in enhancing complement activation ability and opsonic 
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activity towards Saccharomyces cerevisae in the treated individuals (reviewed in Kilpatric, 
2002). In invertebrates (tunicate Clavelina picta\ the binding of MBL to microbial ligands 
activates the complement component C3 ? through an MBL- associated serine proteinase. This 
leads to phagocytosis of the opsonized target and/ or humoral cell killing via the assembly of a 
membrane attack complex (Vasta et al., 1999). Therefore, lectins with such activity are 
suitable for use in the prevention and treatment of infection in invertebrates. 

[0100] The nucleic acids of the invention can be made, isolated and/or manipulated by, e.g., 
cloning and expression of cDNA libraries, amplification of message or genomic DNA by PGR, 
and the like. Techniques for the manipulation of nucleic acids, such as, e.g., subcloning, 
labeling probes (e.g., random-primer labeling using Klenow polymerase, nick translation, 
amplification), sequencing, hybridization and the like are well described in the scientific and 
patent literature, see, e.g., Sambrook, ed., MOLECULAR CLONING: A LABORATORY 
MANUAL (2ND ED.), Vols. 1-3, Cold Spring Harbor Laboratory, (1989); CURRENT 
PROTOCOLS IN MOLECULAR BIOLOGY, Ausubel, ed. John Wiley & Sons, Inc., New 
York (1997); LABORATORY TECHNIQUES IN BIOCHEMISTRY AND MOLECULAR 
BIOLOGY: HYBRIDIZATION WITH NUCLEIC ACID PROBES, Part I. Theory and Nucleic 
Acid Preparation, Tijssen, ed. Elsevier, N.Y. (1993). 

[0101] The invention provides isolated or recombinant nucleic acids that hybridize under 
stringent conditions to an exemplary sequence of the invention, or a nucleic acid that encodes a 
polypeptide of the invention. The stringent conditions can be highly stringent conditions, 
medium stringent conditions, low stringent conditions, including the high and reduced 
stringency conditions described herein. In one aspect, it is the stringency of the wash 
conditions that set forth the conditions which determine whether a nucleic acid is within the 
scope of the invention, as discussed below. 

[0102] In alternative embodiments, nucleic acids of the invention as defined by their ability 
to hybridize under stringent conditions can be between about five residues and the full length 
of nucleic acid of the invention; e.g., they can be at least 5, 10, 15, 20, 25, 30, 35, 40, 50, 55, 
60, 65, 70, 75, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 
800, 850, 900, 950, 1000, or more, residues in length. Nucleic acids shorter than full length are 
also included. These nucleic acids can be useful as, e.g., hybridization probes, labeling probes, 
PGR oligonucleotide probes, iRNA, antisense or sequences encoding antibody binding 
peptides (epitopes), motifs, active sites and the like. 
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[0103] In one aspect, nucleic acids of the invention are defined by their ability to hybridize 
under high stringency comprises conditions of about 50% formamide at about 37°C to 42°C. 
In one aspect, nucleic acids of the invention are defined by their ability to hybridize under 
reduced stringency comprising conditions in about 35% to 25% formamide at about 30°C to 
35°C. 

[0104] Alternatively, nucleic acids of the invention are defined by their ability to hybridize 
under high stringency comprising conditions at 42°C in 50% formamide, 5X SSPE, 0.3% SDS, 
and a repetitive sequence blocking nucleic acid, such as cot-1 or salmon sperm DNA (e.g., 200 
n/ml sheared and denatured salmon sperm DNA). In one aspect, nucleic acids of the invention 
are defined by their ability to hybridize under reduced stringency conditions comprising 35% 
formamide at a reduced temperature of 35°C. 

[0105] Following hybridization, the filter may be washed with 6X SSC, 0.5% SDS at 50°C. 
These conditions are considered to be "moderate" conditions above 25% formamide and "low" 
conditions below 25% formamide. A specific example of "moderate" hybridization conditions 
is when the above hybridization is conducted at 30% formamide. A specific example of "low 
stringency" hybridization conditions is when the above hybridization is conducted at 1 0% 
formamide. 

[0106] The temperature range corresponding to a particular level of stringency can be 
further narrowed by calculating the purine to pyrimidine ratio of the nucleic acid of interest 
and adjusting the temperature accordingly. Nucleic acids of the invention are also defined by 
their ability to hybridize under high, medium, and low stringency conditions as set forth in 
Ausubel and Sambrook. Variations on the above ranges and conditions are well known in the 
art. Hybridization conditions are discussed further, below. 

[0107] The above procedure may be modified to identify nucleic acids having decreasing 
levels of homology to the probe sequence. For example, to obtain nucleic acids of decreasing 
homology to the detectable probe, less stringent conditions may be used. For example, the 
hybridization temperature may be decreased in increments of 5°C from 68°C to 42°C in a 
hybridization buffer having a Na + concentration of approximately 1M. Following 
hybridization, the filter may be washed with 2X SSC, 0.5% SDS at the temperature of 
hybridization. These conditions are considered to be "moderate" conditions above 50°C and 
"low" conditions below 50°C. A specific example of "moderate" hybridization conditions is 
when the above hybridization is conducted at 55°C. A specific example of "low stringency" 
hybridization conditions is when the above hybridization is conducted at 45°C. 
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[0108] The invention also provides nucleic acid probes that can be used, e.g., for identifying 
nucleic acids encoding a polypeptide with a biologic activity or fragments thereof or for 
identifying genes. In one aspect, the probe comprises at least 10 consecutive bases of a nucleic 
acid of the invention. Alternatively, a probe of the invention can be at least about 5, 6, 7, 8, 9, 
10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 120, 130, 150 or about 10 to 50, 
about 20 to 60 about 30 to 70, consecutive bases of a sequence as set forth in a nucleic acid of 
the invention. The probes identify a nucleic acid by binding and/or hybridization. The probes 
can be used in arrays of the invention, see discussion below, including, e.g., capillary arrays. 
The probes of the invention can also be used to isolate other nucleic acids or polypeptides. 

[0109] The invention provides expression vectors and cloning vehicles comprising nucleic 
acids of the invention, e.g., sequences encoding the recombinant proteins encoded by the 
nucleic acids of the invention. Expression vectors and cloning vehicles of the invention can 
comprise viral particles, baculovirus, phage, plasmids, phagemids, cosmids, fosmids, bacterial 
artificial chromosomes, viral DNA (e.g., vaccinia, adenovirus, foul pox virus, pseudorabies and 
derivatives of SV40), PI -based artificial chromosomes, yeast plasmids, yeast artificial 
chromosomes, and any other vectors specific for specific hosts of interest (such as bacillus, 
Aspergillus and yeast). In one embodiment, the expression vectors and cloning vehicle 
comprise yeast plasmids. Vectors of the invention can include chromosomal, non- 
chromosomal and synthetic DNA sequences. Large numbers of suitable vectors are known to 
those of skill in the art, and are commercially available. 

[0110] In one embodiment, the vector is a baculovirus. In a specific embodimennt the 
baculovirus is Autographica califomica nuclear polyhedrosis virus (AcNPV). Vectors and 
molecular biology supplies, as well as methods for baculovirus expression vector systems, 
including AcNPV, are readily available from commercial suppliers 

[0111] The expression vector can comprise a promoter, a ribosome binding site for 
translation initiation and a transcription terminator. The vector may also include appropriate 
sequences for amplifying expression. Mammalian expression vectors can comprise an origin 
of replication, any necessary ribosome binding sites, a polyadenylation site, splice donor and 
acceptor sites, transcriptional termination sequences, and 5' flanking non-transcribed 
sequences. In some aspects, DNA sequences derived from the S V40 splice and 
polyadenylation sites may be used to provide the required non-transcribed genetic elements. 

[0112] In one aspect, the expression vectors contain one or more selectable marker genes to 
permit selection of host cells containing the vector. 
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[0113] Vectors for expressing the polypeptide or fragment thereof in eukaryotic cells can 
also contain enhancers to increase expression levels. Enhancers are cis-acting elements of 
DNA, usually from about 10 to about 300 bp in length that act on a promoter to increase its 
transcription. 

[0114] The invention provides cloning vehicles comprising an expression cassette (e.g., a 
vector) of the invention or a nucleic acid of the invention. The cloning vehicle can be a viral 
vector, a baculovirus, a plasmid, a phage, a phagemid, a cosmid, a fosmid, a bacteriophage or 
an artificial chromosome. The viral vector can comprise an adenovirus vector, a retroviral 
vector or an adeno-associated viral vector. The cloning vehicle can comprise a bacterial 
artificial chromosome (BAG), a plasmid, a bacteriophage PI -derived vector (PAC), a yeast 
artificial chromosome (YAC), or a mammalian artificial chromosome (MAC). 

[0115] The invention provides transformed cell comprising a nucleic acid of the invention 
or an expression cassette (e.g., a vector) of the invention, or a cloning vehicle of the invention. 
In one aspect, the transformed cell can be a bacterial cell, a mammalian cell, a fungal cell, a 
yeast cell, an insect cell or a plant cell. 

[0116] In another aspect, provided herein are recombinant proteins derived from full-length 
gene or recombinant truncated amino acids derived from the functional domain of the gene 
identified using the EST differential libraries provided herein. The identified ESTs of interest 
can be used to clone full length cDNAs using methods known in the art. See e.g., U.S. Patent 
No. 6,265,165. Recombinant polypeptides generated from these nucleic acids can be 
individually isolated or cloned and tested for a desired activity. Any recombinant expression 
system can be used, including bacterial, mammalian, yeast, insect or plant cell expression 
systems. Recombinant truncated proteins of interest are those that retain at least a detectable 
amount of the desired biologic activity. 

[0117] The invention provides fusion proteins and nucleic acids encoding them. A 
polypeptide of the invention can be fused to a heterologous peptide or polypeptide, such as N- 
terminal identification peptides which impart desired characteristics, such as increased stability 
or simplified purification. Peptides and polypeptides of the invention can also be synthesized 
and expressed as fusion proteins with one or more additional domains linked thereto for, e.g., 
producing a more protective peptide, to more readily isolate a recombinantly synthesized 
peptide, to identify and isolate antibodies and antibody-expressing B cells, and the like. 

[0118] In practicing the invention, nucleic acids of the invention and nucleic acids encoding 
the polypeptides of the invention, or modified nucleic acids of the invention, can be reproduced 
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by amplification. Amplification can also be used to clone or modify the nucleic acids of the 
invention. Thus, the invention provides amplification primer sequence pairs for amplifying 
nucleic acids of the invention. One of skill in the art can design amplification primer sequence 
pairs for any part of or the full length of these sequences. 

[0119] The invention provides methods of producing a recombinant polypeptide comprising 
the steps of: (a) providing a nucleic acid of the invention operably linked to a promoter; and (b) 
expressing the nucleic acid of step (a) under conditions that allow expression of the 
polypeptide, thereby producing a recombinant polypeptide. In one aspect, the method can 
further comprise transforming a host cell with the nucleic acid of step (a) followed by 
expressing the nucleic acid of step (a), thereby producing a recombinant polypeptide in a 
transformed cell. 

[0120] Any suitable host cell can be used for the production of the recombinant protein or 
biologically active fragment thereof. 

[0121] The invention provides isolated or recombinant antibodies that specifically bind to 
the recombinant polypeptides of the invention. These antibodies can be used to isolate, 
identify or quantify the recombinant polypeptides of the invention or related polypeptides. 
These antibodies can be used to isolate other polypeptides within the scope the invention. The 
antibodies can be designed to bind to an active site of a recombinant polypeptide. Thus, the 
invention provides methods of inhibiting polypeptides using the antibodies of the invention. 

[0122] The antibodies can be used in immunoprecipitation, staining, immunoaffinity 
columns, and the like. If desired, nucleic acid sequences encoding for specific antigens can be 
generated by immunization followed by isolation of polypeptide or nucleic acid, amplification 
or cloning and immobilization of polypeptide onto an array of the invention. Alternatively, the 
methods of the invention can be used to modify the structure of an antibody produced by a cell 
to be modified, e.g., an antibody's affinity can be increased or decreased. Furthermore, the 
ability to make or modify antibodies can be a phenotype engineered into a cell by the methods 
of the invention. 

[0123] Methods of immunization, producing and isolating antibodies (polyclonal and 
monoclonal) are known to those of skill in the art and described in the scientific and patent 
literature, see, e.g., Coligan, CURRENT PROTOCOLS IN IMMUNOLOGY, Wiley/Greene, 
NY (1991); Stites (eds.) BASIC AND CLINICAL IMMUNOLOGY (7th ed.) Lange Medical 
Publications, Los Altos, CA ("Stites"); Goding, MONOCLONAL ANTIBODIES: 
PRINCIPLES AND PRACTICE (2d ed.) Academic Press, New York, NY (1986); Kohler 



32 



WO 2005/084312 



PCT/US2005/006626 



(1975) Nature 256:495; Harlow (1988) ANTIBODIES, A LABORATORY MANUAL, Cold 
Spring Harbor Publications, New York. Antibodies also can be generated in vitro, e.g., using 
recombinant antibody binding site expressing phage display libraries, in addition to the 
traditional in vivo methods using animals. See, e.g., Hoogenboom (1997) Trends Biotechnol. 
15:62-70; Katz (1997) Annu. Rev. Biophys. Biomol. Struct. 26:27-45. 

[0124] Polyclonal antibodies generated against the polypeptides of the invention can be 
obtained by direct injection of the polypeptides into an animal or by administering the 
polypeptides to a non-human animal. The antibody so obtained will then bind the polypeptide 
itself. In this manner, even a sequence encoding only a fragment of the polypeptide can be 
used to generate antibodies which may bind to the whole native polypeptide. Such antibodies 
can then be used to isolate the polypeptide from cells expressing that polypeptide. 

[0125] For preparation of monoclonal antibodies, any technique which provides antibodies 
produced by continuous cell line cultures can be used. Examples include the hybridoma 
technique, the trioma technique, the human B-cell hybridoma technique, and the EBV- 
hybridoma technique (see, e.g., Cole (1985) in Monoclonal Antibodies and Cancer Therapy, 
Alan R. Liss, Inc., pp. 77-96). 

Uses of Recombinant Nucleic Acids and Polypeptides 

Methods of treating infection 
[0126] Another aspect of the invention is a method of protecting crustacean from infection 
using recombinant protein or nucleic acids derived from the full-length gene or recombinant 
truncated protein or nucleic acids derived from the functional domain of the gene identified 
using the EST differential libraries of the instant invention. In one embodiment, the infection 
is a viral infection. In a specific embodiment, the viral infection is WSSV. The infection can 
also be one caused by bacteria, fungi, and the like. In one embodiment, the crustacean is a 
shrimp. The recombinant protein or nucleic acid, or biologically active fragment thereof, can 
be administered in any suitable manner in a single dose or repeatedly. The recombinant 
protein or nucleic acid can be administered alone or in combination with other treatment 
modalities for the infection. A therapeutically effective amount of recombinant polypeptide or 
biolgically active fragment thereof is an amount that reduces or eliminates at least one 
symptom of the infection. In one embodiment, a therapeutically effective amount prevents 
infection or cures established infection. 
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[0127] The protein or biologically active fragment thereof can be one that is upregulated or 
downregulated following infection with a pathogen. The up-regulation can be mediated by any 
mechanism including, but not limited to increased transcription, increased mRNA stability, 
decreased mRNA degradation, or increased translation. Similarly, the down-regulation can be 
mediated by any mechanism known in the art. Expression can be determined using routine 
methods. Exemplary methods include those disclosed in Current Protocols in Molecular 
Biology (Ausubel et al., John Wiley & Sons, most recent edition). Infection with pathogen is 
readily determined using routine methods that include but are not limited to bioassays using 
indicator hosts, monitoring clinical signs, histopathology, dot blot and in situ hybridization 
using a virus specific probe, and PCR. See, e.g., Dhar et al., J. Clin. Microbiol. 39:2835-45 
(2001). 

[0128] In one embodiment, the protein or biologically active fragment is one that enhances 
the innate, non-adaptive immunity of the organism. For example, in shrimp, immunity consists 
of a humoral and a cellular response. Cellular responses involve phagocytosis, nodule 
formation and encapsulation. Humoral responses involve the prophenoloxidase-activating 
cascade and immune-related proteins such as lysozymes, lectins, and anti-microbial peptides. 
See, e.g., Soderhall, Dev. Comp. Immunol 23:263-6 (1999). 

[0129] It is the object of the invention to provides a method of transfecting or infecting 
crustaceans with non-native therapeutic proteins using baculo virus. This method is particularly 
suitable for crustaceans in aquaculture. Preferably, the crustaceans are Pacific white shrimp 
(Penaeus vannamei) and the baculovirus is Autographa californica nuclear polyhedrosis virus 
(AcNPV). The crustacean can be infected either by injection or orally by incorporating the 
virus into the crustacean's food. The baculovirus can be engineered to express green 
fluorescent protein (GFP) for monitoring infection. For example, the therapeutic proteins can 
inhibit the growth or replication of bacteria (e.g., Vibrio) or viruses (e.g., Taura or White Spot 
virus). 

[0130] In one aspect of the present invention, the crustacean can be provided a feed or feed 
additive which incorporates recombinant protein or nucleic acids identified using the EST 
differential libraries of the instant invention as a prophylactic or therapeutic treatment for the 
deleterious effects of the virus on the host. Thus, the present invention provides for a 
composition comprising at least one recombinant protein or nucleic acid, or biologically active 
fragment thereof, in a food source for the crustacean. The invention provides edible enzyme 
delivery matrices comprising a polypeptide of the invention, e.g., a polypeptide encoded by the 
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nucleic acid of the invention. The protein or biologically active fragment thereof can be 
provided in a cell or in a disrupted cell. Any suitable cell can be employed including, but not 
limited to microalgae and macroalgae cells. The cells can be disrupted using any suitable 
methods. 

[0131] The bioactive food complex can be preserved without drying as a semi-solid, moist 
paste, not a liquid, composed of microcapsules or beads, or as moist noodles, pellets, sheets or 
other forms, or can be stored frozen by employing cryopreservatives. See, e.g., U.S. Patent No. 
5,698,246; 4,741,904. The bioactive food complex can be added directly to aquaculture animal 
containment systems to be eaten by aquatic animals. In one embodiment of the invention, the 
bioactive food complex or the primary emulsion of the bioactive food complex can be added to 
pelleted or extruded aquatic feeds as a top-dress coating or enrobing of the pelleted or extruded 
aquatic feed. 

[0132] The foodstuffs incorporated into the particulate fish foods of this invention may be 
those which are normally used for other particulate fish foods. Frequently fish meal will 
provide at least 30% of the formulation and often it will provide at least 50% of the 
formulation. 

[0133] Particulate fish foods are customarily manufactured by three routes, all of which 
involve some form of extrusion through a die. The methods are normally classified as 
compressed pelleting (also known as steam pelleting),/extruded pelleting and moist pelleting. 

[0134] The feed of the invention may be adjusted for the requirements of the marine animal 
being fed as is known. For shrimp, the feed comprises animal protein, brine shrimp, egg 
product, betaine, alanine, isoleucine, leucine, serine, valine, glycine, astaxanthin, vitamin A 
supplement, vitamin Bi 2 supplement, riboflavin supplement, calcium pantothenate, niacin 
supplement, vitamin D3 supplement, vitamin E supplement, menadione sodium bisulfite 
complex, folic acid, biotin, thiamine, pyridoxine hydrochloride, inositol and choline chloride. 
The particulate feed may also include medicaments. In one aspect, an edible oil is employed. 
Typical oils include fish oil, peanut oil, olive oil, com oil, sunflowerseed oil, cotton seed oil, 
soybean oil, rapeseed oil, coconut oil, and palm oil. The oil may provide the omega-3 HUFA 
(highly unsaturated fatty acid) dietary requirements of marine shrimp and fish by providing 
EPA (eicosapentaenoic acid) and DHA (docosahexenoic acid). 

[0135] In one embodiment, amplified cDNA can be cloned into bacterial expression vector 
(such as pETlOO Directional TOPO Expression vector, Invitrogen Inc.) and used to transform 
BL 21 Star (DE3) One Shot Chemically Competent Escherichia coli (Invitrogen, Inc.) 
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following the manufacturer's protocol. Escherichia colt strain BL21 cells carrying IPTG 
inducible gene can be grown in LB medium containing ampicillin, and subsequently induced 
with IPTG to elicit expression of recombinant protein. The expression of the recombinant 
protein will be empirically optimized to obtain maximum induction using routine methods. 
Bacterial biomass containing cells, which express the shrimp recombinant protein, are then 
added to shrimp feed in a free or microbound format (in beads composed of alginate and starch 
in a polymeric form). Attractants can optionally be added to make the feed or beads more 
palatable to the target species. In the case of shrimp, krill meal is employed as the attractant. 
RNAi reagents 

[0136] In one aspect, the invention provides an RNA inhibitory molecule, a so-called 
"RNAi" molecule, comprising a recombinant protein or nucleic acid sequence of the invention 
to be administered as a prophylactic or therapeutic regimen for infection. The RNAi molecule 
comprises a double-stranded RNA (dsRNA) molecule. The RNAi can inhibit expression of a 
gene encoding a nucleic acid of the invention. In one aspect, the RNAi is about 15, 16, 17, 18, 
19, 20, 21, 22, 23, 24, 25 or more duplex nucleotides in length. While the invention is not 
limited by any particular mechanism of action, the RNAi can enter a cell and cause the 
degradation of a single-stranded RNA (ssRNA) of similar or identical sequences, including 
endogenous mRNAs. When a cell is exposed to double-stranded RNA (dsRNA), mRNA from 
the homologous gene is selectively degraded by a process called RNA interference (RNAi). A 
possible basic mechanism behind RNAi is the breaking of a double-stranded RNA (dsRNA) 
matching a specific gene sequence into short pieces called short interfering RNA, which trigger 
the degradation of mRNA that matches its sequence. In one aspect, the RNAPs of the 
invention are used in gene-silencing therapeutics, see, e.g., Shuey (2002) Drug Discov. Today 
7: 1040-1046. In one aspect, the invention provides methods to selectively degrade RNA using 
the RNAi's of the invention. The process may be practiced in vitro, ex vivo or in vivo. In one 
aspect, the RNAi molecules of the invention can be used to generate a loss-of-function 
mutation in a cell, an organ or an animal. Methods for making and using RNAi molecules for 
selectively degrade RNA are well known in the art, see, e.g., U.S. Patent No. 6,506,559; 
6,511,824; 6,515,109; 6,489,127. 

Functional genomics studies 

[0137] In yet another aspect of the present invention, a library of ESTs as well as cDNAs 
are provided for use in functional genomic analysis. In practicing the methods of the 
invention, a variety of apparatus and methodologies can be used to in conjunction with the 
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polypeptides and nucleic acids of the invention, e.g., to screen polypeptides for biologic 
activity, to screen compounds as potential modulators, e.g., activators or inhibitors, of an 
activity of a recombinant polypeptide encoded by a nucleic acid of the invention, for antibodies 
that bind to a polypeptide of the invention, for nucleic acids that hybridize to a nucleic acid of 
the invention, to screen for cells expressing a polypeptide of the invention and the like. 

[0138] Nucleic acids or polypeptides of the invention can be immobilized to or applied to 
an array. Arrays can be used to screen for or monitor libraries of compositions {e.g., small 
molecules, antibodies, nucleic acids, etc.) for their ability to bind to or modulate the activity of 
a nucleic acid or a polypeptide of the invention. For example, in one aspect of the invention, a 
monitored parameter is transcript expression of a gene. One or more, or, all the transcripts of a 
cell can be measured by hybridization of a sample comprising transcripts of the cell, or, nucleic 
acids representative of or complementary to transcripts of a cell, by hybridization to 
immobilized nucleic acids on an array, or "biochip ." By using an "array" of nucleic acids on a 
microchip, some or all of the transcripts of a cell can be simultaneously quantified. 
Alternatively, arrays comprising genomic nucleic acid can also be used to determine the 
genotype of a newly engineered strain made by the methods of the invention. "Polypeptide 
arrays" can also be used to simultaneously quantify a plurality of proteins. The present 
invention can be practiced with any known "array," also referred to as a "microarray" or 
"nucleic acid array" or "polypeptide array" or "antibody array" or "biochip," or variation 
thereof Arrays are generically a plurality of "spots" or "target elements," each target element 
comprising a defined amount of one or more biological molecules, e.g., oligonucleotides, 
immobilized onto a defined area of a substrate surface for specific binding to a sample 
molecule, e.g., mRNA transcripts. 

[0139] In practicing the methods of the invention, any known array and/or method of 
making and using arrays can be incorporated in whole or in part, or variations thereof, as 
described, for example, in U.S. Patent Nos. 6,277,628; 6,277,489; 6,261,776; 6,258,606; 
6,054,270; 6,048,695; 6,045,996; 6,022,963; 6,013,440; 5,965,452; 5,959,098; 5,856,174; 
5,830,645; 5,770,456; 5,632,957; 5,556,752; 5,143,854; 5,807,522; 5,800,992; 5,744,305; 
5,700,637; 5,556,752; 5,434,049; see also, e.g., WO 99/51773; WO 99/09217; WO 97/46313; 
WO 96/17958; see also, e.g., Johnston (1998) Curr. Biol. 8:R171-R174; Schummer (1997) 
Biotechniques 23:1087-1092; Kern (1997) Biotechniques 23:120-124; Solinas-Toldo (1997) 
Genes, Chromosomes & Cancer 20:399-407; Bowtell (1999) Nature Genetics Supp. 21:25-32. 
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See also published U.S. patent applications Nos. 20010018642; 20010019827; 20010016322; 
20010014449; 20010014448; 20010012537; 20010008765. 
Biopesticides 

[0140] In another aspect of the invention the differentially expressed ESTs differentially 
with viral infection are useful as a biopesticide. For example, baculovirus expressing shrimp 
chitinase gene can be used as a biological agent to infect and kill lepidopteran insects that 
infect agricultural crops. Baculoviruses have been widely used as a biological control agent in 
agricultural crop pest management. Further effectiveness can be achieved by co-expressing 
shrimp chitinase gene with the recombinant polypeptide or biologically active fragment 
thereof, and then spraying this recombinant baculovirus on crop fields infected by an insect 
pest. 

Screening assays 

[0141] The invention provides methods for identifying a substrate of a recombinant 
polypeptide of interest, comprising the following steps: (a) providing a polypeptide of the 
invention; or a polypeptide encoded by a nucleic acid of the invention; (b) providing a test 
substrate; and (c) contacting the polypeptide of step (a) with the test substrate of step (b) and 
detecting a decrease in the amount of substrate or an increase in the amount of reaction 
product, wherein a decrease in the amount of the substrate or an increase in the amount of a 
reaction product identifies the test substrate as the polypeptide substrate. 

[0142] The invention also provides methods of determining whether a test compound 
specifically binds to a polypeptide comprising the following steps: (a) expressing a nucleic 
acid or a vector comprising the nucleic acid under conditions permissive for translation of the 
nucleic acid to a polypeptide, wherein the nucleic acid comprises a nucleic acid of the 
invention, or, providing a polypeptide of the invention; (b) providing a test compound; (c) 
contacting the polypeptide with the test compound; and (d) determining whether the test 
compound of step (b) specifically binds to the polypeptide. 

[0143] The invention provides methods for identifying a modulator of a recombinant 
polypeptide's activity comprising the following steps: (a) providing a polypeptide of the 
invention or a polypeptide encoded by a nucleic acid of the invention; (b) providing a test 
compound; (c) contacting the polypeptide of step (a) with the test compound of step (b) and 
measuring an activity of the recombinant polypeptide, wherein a change in the recombinant 
polypeptide activity measured in the presence of the test compound compared to the activity in 
the absence of the test compound provides a determination that the test compound modulates 
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the recombinant polypeptide activity. In one aspect, the recombinant polypeptide activity can 
be measured by providing an recombinant polypeptide substrate and detecting a decrease in the 
amount of the substrate or an increase in the amount of a reaction product, or, an increase in 
the amount of the substrate or a decrease in the amount of a reaction product. A decrease in 
the amount of the substrate or an increase in the amount of the reaction product with the test 
compound as compared to the amount of substrate or reaction product without the test 
compound identifies the test compound as an activator of recombinant polypeptide activity. 
An increase in the amount of the substrate or a decrease in the amount of the reaction product 
with the test compound as compared to the amount of substrate or reaction product without the 
test compound identifies the test compound as an inhibitor of recombinant polypeptide activity. 
Diagnostic Kits 

[0144] In another aspect of the present invention, methods are provided that use the 
differentially expressed genes identified in the EST library as a diagnostic tool to evaluate 
crustaceans in aquaculture and in food processing. Also provided herein is a kit comprising at 
least one differentially expressed gene as a nucleic acid or recombinant polypeptide, wherein 
the kit can be used to positively identify a crustacean as being infected or non-infected with the 
pathogen of interest. Such kits are also useful for monitoring the course of infection. In one 
embodiment, the kit comprises at least one antibody or antigen binding fragment thereof that 
binds the polypeptide encoded by the EST of interest. The kit can be in any suitable format, 
and in some embodiments includes instructions for use. 
Data Mining 

[0145] Complementary DNA sequences (consisting of contigs and singletons) obtained 
from healthy shrimp hepatopancreas library are provided in Appendix Al, and the cDNA 
sequences (consisting of contigs and singletons) from the white spot syndrome virus affected 
library in Appendix A2. The unigene sets obtained by combining the sequences from the two 
libraries are provided in Appendix A. BLAST search analysis using the cDNA sequences from 
the healthy (Appendix Al) or WSSV-infected (Appendix A2) shrimp libraries against the 
combined unigene set (Appendix A) will enable to determine which genes are present only in 
the healthy, only WSSV-infected and both healthy and WSSV-infected shrimp. These genes 
may represent unique for the health status (healthy or virus infected) of shrimp. 
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Examples 

[0146] The invention, as contemplated herein, is described in the following examples for 
exemplification purposes only and is not intended to limit the scope of the invention. 

Example L Isolation of expressed sequence tags (ESTs). 

[0147] ESTs have been isolated from cDNA libraries of healthy and WSSV-infected shrimp 
hepatopancreas tissue. Two cDNA libraries were constructed from hepatopancreas tissues of 
healthy (PvH) and WSSV-infected (PvW) P. vannamei shrimp using SMART cDNA 
amplification method (BD Bioscience, California) and cloned into aplasmid vector (pAL16, 
Evrogen, Inc., Moscow, Russia). Randomly selected recombinant clones were sequenced using 
vector-derived primers (SP6 and T7). A total of 1248 clones from PvH and 1 152 clones from 
PvW library were sequenced. 

[0148] Complementary DNA sequences from both libraries were edited and assembled 
using the programs Phred, CodonCode Aligner and Phrap. Vector sequences were removed 
from the sequence of each clone and ESTs having Phred score of >20 were taken for BLAST 
search. A total of 1248 clones from PvH and 1 152 clones from PvW library were sequenced. 
Seventy five percent of the PvH clones (940 out of 1248 PvH clones; Phred score>20, average 
length 473 bases) and seventy three percent of the PvH clones (840 out of 1 152 PvW clones; 
Phred score>20, average length 440 bases) were taken for further analysis. PvH clones 
represented 269 singletons and 124 contigs (each contig contains between 2-20 clones), 
whereas the PvW clones represented 281 singletons and 21 1 contigs (each contig contains 2-20 
clones). Among the PvH clones, 38.7% of the singletons (105/269) and 71.4% of the contigs 
(90/124) showed significant similarity to known genes from other organisms by BLAST search 
(e>10~ 3 ). For the PvW clones, 44.0% of the singletons (123/281) and 54.5% of the contigs 
(115/211) showed similarity to GenBank entries by BLAST search (e>10~ 3 ). The remainder of 
the clones from both libraries showed no similarity to the database entries, and thus may 
represent novel genes. Combining the ESTs from healthy and WSSV-infected shrimp cDNA 
libraries, there were a total of 683 unigenes (Figure 3)* 

[0149] The average GC content of the PvH clones was 0.427±0.005 and for the PvW clones 
was 0.424±0.0O5. Based on gene homology, the PvH and PvW unigene sets were categorized 
into the following nine functional classes following published protocol (Adams et al, 1995): 
Cell division, cell signaling/ communication, cell structure, cell defense, gene/protein 
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expression, metabolism, ribosomal proteins, unknown genes and no matches (Fig. 1, Table 1). 
PvW library contained a significantly higher number of cell defense genes compared to the 
PvH library (19.4% vs. 8.1%), whereas the PvH library contained a significantly higher 
number of metabolic genes (37.5% vs. 25.6%) (Fig.l). A total of 40 immune genes were 
identified from both libraries (Table 2). A list of these immune genes, along with their 
frequencies in the healthy and WSSV-infected libraries and similarities with the GenBank 
database entries, is provided in Table 2. The expression profile indicates a differential 
expression of these genes in healthy and WSSV-infected shrimp. 
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Table 1. Functional classes of genes isolated from hepatopancreas cDNA libraries of 

healthy and WSSV infected shrimp (P. vannamei) that showed homology with 
existing GenBank database entries. 





Percent ESTs 




Healthy 


WSSV Infected 


Function Classes 


Library 


Library 


Cell Division 


3.75 


5.55 


Cell Signaling/Communication 


10.00 


7.77 


Cell Structure 


18.75 


11.11 


Cell Defense 


8.13 


19.44 


Gene/Protein Expression 


7.50 


7.22 


Metabolism 


37.50 


25.55 


Ribosomal Proteins 


11.88 


15.55 


Others 


2.50 


7.77 



Table 2. Summary of immune genes isolated from healthy and WSSV-infected shrimp 

hepatopancreas cDNA libraries. 









Frequency 


Clone ID# 


Gene 


e-^alue 


Healthy 


Infected 


PvHlA02 


Gamma-interferon inducible lysosomal thiol reductase precursor 


6.00E-13 


0 


1 


PvHBll 


Anti-Hpopolysaccharide factor 


4.00E-10 


0 


1 


PvHC06 


O-sialoglycoprotein endopeptidase 


3.00E-14 


0 


1 


PvHOlACB 


Peritrophin 1 


6.00E-04 


3 


2 


PvH02Hll 


Placental protein 1 1 precursor 


3.00E-09 




0 


PvH04A12 


Mast cell carboxypeptidase A precursor 


8.00E-06 




0 


PvH04G08 


Low-density lipoprotein receptor-related protein precursor 


9.00E-17 




0 


PvHOSAll 


Lysozyme 


1.00E-15 


12 


8 


PvH05H07 


Sarcoplasmic calcium-binding protein, alpha-B and -A chains 


2.00E-14 




1 


PvH06B03 


Metaxin 2 


8.00E-45 




0 


PvH06C07 


Mucm-like protein 1 


6.00E-07 




0 


PvH09A06 


C-type lectin receptor 


7.00E-04 




0 


PvH09H12 


Platelet-endothelial tetraspan antigen 3 


4.00E-16 




2 


PvH10B06 


Metallothioneiri 


5.00E-04 




0 


PvHllG05 


Keratinocytes associated protein 2 


1.00E-26 




0 


PvH12B07 


Thermosome beta subunit 


8.00E-58 




0 


PvH13C04 


Lectin 1 (Fragment) 


5.00E-09 




0 
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Frequency 


Clone ID# 


Gene 


e-value 


Healthy 


Infected 


PvW03G04 


Peritrophin-like protein 1 


7.00E-78 


1 


5 


PvW04C06 


Ubiquitin 


8.00E-37 


0 


2 


PvW04D01 


Mannose-P-dolichol utilization defect 1 protein 


2.00E-26 


0 


1 


PvW04E03 


P-selectin precursor 


5.00E-03 


0 


1 


PvW04E08 


Glutamate carboxypeptidase-like protein 


1.00E-67 


0 




PvW04F07 


Prophenoloxidase-activating proteinase-2 


2.00E-04 


0 


1 


PvW04G01 


Innexin Inx3 


1.00E-04 


0 


1 


PvW05Cll 


Peritrophin-like protein 2 


3.00E-60 


0 




PvW05D04 


Peritrophin-95 precursor 


8.00E-05 


0 


1 


PvW05G02 


Hepatocellular carcinoma-associated antigen 59 


1.00E-33 


0 


1 


PvW05G04 


T-cell activation protein 


3.00E-68 


0 


1 


PvW07A09 


SelT-like protein precursor 


8.00E-17 


0 


1 


PvW07H04 


Glutathione peroxidase 


1.00E-56 


0 


1 


PvW08B06 


Interleukin enhancer-binding factor 3 


2.00E-05 


0 


1 


PvW08E09 


NF-kappaB essential modulator 


5.00E-04 


0 


1 


PvWOSGOl 


Apolipoprotein D precursor 


1.00E-10 


3 


1 


PvW08G07 


Thrombospondin 3 precursor 


5.00E-39 


0 




PvW09Ell 


Chitinase 


3.00E-68 


3 




PvW09G07 


Nose resistant to fluoxetine protein 6 precursor 


5.00E-11 


0 




PvW09H06 


Chitinase precursor 


3.00E-06 


1 




PvW10A02 


Peroxiredoxin 


1.00E-60 


0 




PvW10D06 


Heat shock protein STI1 


8.00E-14 


0 




PvWllA05 


Tetraspanin 2 


3.00E-22 


0 





Table 2. (Cont) Right hand columns of the above section of Table 2. Correspond line for 

line to the other section. 



Frame 


nt 


Score 


Similarity 


Species 


Accession # 


+ 3 


312-740 


76.6 


50% 


Ambfyomma americanum 


AAK82985 


+1 


412-597 


66.6 


67% 


Atlantic horseshoe crab 


A23931 


+3 


96-545 


80.5 


53% 


Methanococcus jannaschii 


A54441 


+2 


203-406 


46.6 


50% 


Mamestra configurata 


AAP33177 


-3 


468-217 


63.2 


55% 


Mus musculus 


NP_032928 


+1 


130-336 


53.1 


58% 


Homo sapiens 


AAH12613 


+1 


91-546 


89.4 


40% 


Rattus norvegicus 


NPJ786938 


+1 


238-567 


85.1 


51% 


Bathymodiolus azoricus 


AAN16208 


-1 


734-507 


81.3 


60% 


Penaeus sp. 


SCPA_PENSP 


+1 


184-663 


182 


70% 


Mus musculus 


MTX2_MOUSE 
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Frame 


nt 


Score 


Similarity 


Species 


Accession # 


+1 


118-423 


56.6 


42% 


Ctenocephalides felis 


AAM21357 


-2 


674-324 


46.2 


41% 


Paralahidochromis chilotes 


AAP58738 


+2 


200-667 


83.2 


45% 


Homo sapiens 


CI 5 INHUMAN 


-1 


419-288 


47 


50% 


Homarus americanus 


MTlJftOMAM 


+2 


236-583 


122 


67% 


Homo sapiens 


NPJ776251 


+2 


278-868 


225 


75% 


Homo sapiens 


AAB67249 


+1 


142-564 


63.5 


44%o 


Girardia tigrina 


AAL29940 


+2 


131-703 


292 


78% 


Penaeus semisulcatus 
Branchiostoma belcheri 


AAF34331 


+2 


116-466 


155 


70% 


tsingtaunese 


AAL55470 


+3 


180-653 


117 


56% 


Mus musculus 


MPUlJvlOUSE 


+3 


390-614 


43.9 


54% 


Rattus norvegicus 


NP_446205 


+2 


197-829 


258 


72%o 


Homo sapiens 


CAC69883 


+2 


116-440 


48.1 


66% 


Manduca sexta 


AAL76085 


+3 


267-680 


48.9 


40% 


Drosophila melanogaster 


NP_524730 


+2 


164-694 


233 


69% 


Penaeus semisulcatus 


AAF34332 


-2 


546-211 


49.7 


40% 


Lucilia cuprina 


AAB70878 


-1 


722-260 


145 


63% 


Homo sapiens 


AAH17570 


+2 


95-514 


259 


85% 


Litopenaeus vannamei 


AAN74647 


+2 


479-658 


89 


76% 


Homo sapiens 


NP_057359 


-2 


742-197 


221 


74% 


Homo sapiens 


CAA48394 


+2 


266-511 


51.6 


59% 


Homo sapiens 


NP__004507 


+3 


102-560 


46.6 


44%) 


Mus musculus 


AAC40153 


_2 


575-369 


68.9 


65% 


Homo sapiens 


NPJ)01638 


+1 


223-888 


163 


49% 


Penaeus monodon 


AAN 17670 


+2 


95-514 


259 


85% 


Litopenaeus vannamei 


AAN74647 


-1 


766-401 


70.1 


49% 


Caenorhabditis elegans 


NP_507120 


+1 


265-483 


53.5 


44%o 


Tenebrio molitor 


CAD31740 


+1 


214-696 


235 


82%o 


Haemaphysalis longicornis 


BAB 17604 


-3 


766-578 


79 


76% 


Drosophila melanogaster 


NP_477354 


+1 


358-627 


87.8 


65% 


Drosophila melanogaster 


NP_523515 



Example 2. Confirmation of differential expression of shrimp ESTs. 

[0150] As a proof of principle, the differential expressions of three shrimp ESTs were 
confirmed by examining their mRNA expression in healthy and WSSV-infected shrimp by 
real-time RT-PCR assay. These genes include a X interferon inducible lysosomal thiol 
reductase (GILT) gene, a lectin gene named P-selectin, and a chitinase gene. 
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[0151] The predicted amino acid sequences of the shrimp X interferon inducible lysosomal 
thiol reductase (GILT) gene, a lectin gene named P-selectin, and a chitinase gene and their 
similarity with the GenBank database entries are given below (Tables 3-5). 



Table 3. The similarity between shrimp X interferon inducible lysosomal thiol reductase 
(GILT) gene and homologous genes in the GenBank database. 



Amino acid sequence of shrimp k interferon inducible lysosomal thiol reductase (GILT) 


gene: 








MSGPHVGAGXRLTSGINAEYAGTQLVLAMKAHTTLTALAT\rLAWLSLAESAKPVTVSVYYESLCPDSQRFVVTQLY 
PVWQDLKEIMLLDVNSYGKSKDTPAGDGYTFECQNGPDECEGNIMLTCAKKYSSEEQYMSFANCTMAELVGTAAGA 
RCAEVSGV1SIYTRVYDCFNSVEGQQLQHEVGVKQAQFXPPLNFVPWILINEVFTERTVRRQLRTTSGKLCCKLMRCQ 
ARKCSYRRISVYNGLV 


Homology comparison: 








Similarity 


Identity 


e-value 


Mouse 


46% 


31% 


6e-15 


Rat 


48% 


32% 


3e-15 


Human 


48% 


27% 


4e-12 


Bran chio stoma 


51% 


32% 


7e-22 


Tick 


50% 


28% 


6e-13 


Fruitf ly 


48% 


33% 


2e-23 


Mosquito 


47% 


33% 


8e-17 


Worm 


50% 


29% 


2e-15 


Caenorhabditis 


50% 


31% 


3e-16 
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Table 4. The similarity between the shrimp chitinase gene and homologous genes in the 

GenBank database. 



Amino acid sequence of shrimp chitinase gene: 




MLPPHGGRGNRFSSGSTQSTRGGRSSAEYAKSKGLAGTMVWSVETDDFRGLCHKRKYHLIKTMVEVFGGGSITEPP 


PLPTTTRDPNEPTTTTRAPPPPGVHCTQPGLNPDPLDCTHYYLCSLNTSGGYNEKEEVCPEGTLYNPQSYYCDWAS 


SVCHLGEDVCPNDC* 








Homology comparison: 








Similarity 


Identity 


e-value 


Tsetse Fly 


43% 


30% 


le-08 


Fruitf ly 


37% 


29% 


9e-08 


Polydna virus 


42% 


29% 


2e-13 


Spider 


48% 


33% 


7e-05 


Mosquito 


36% 


27% 


4e-ll 


Tick 


35% 


25% 


le-06 


Mouse 


40% 


28% 


6e-06 



Table 5. The similarity between shrimp P-selectin gene and the homologous genes in the 



GenBank database. 


Amino acid sequence of shrimp P-selectin gene: 




MVDLQAAANSLVIKQWYQRRVLFWGWCFFFFYVVFIKNRTREPFAFPAKTLRSILPTDGTVGRGVAGDVDEIVTDG 


FLHDGAVLVGGFRGRVDPPEGGAKPDYLVGLHESPVSFVSVVRDAHPVIVLVQTVCVDVLYDIPEEVAVQAGLEPD 


DVSAVGLAEGADLVESPRLEGVDVDAVASDGRVGVGALLASSGRDCKHNEQGSDVKKPVHGGEHTKVAPRTLR 


Homology comparison: 








Similarity 


Identity 


e-value 


Monkey 


44% 


22% 


le-02 


Macaque 


44% 


22% 


le-02 


Chimpaneze 


44% 


21% 


3e-02 


Rat 


54% 


31% 


5e-03 



[0152] In order to measure the mRNA expression of these three genes in healthy and 
WSSV-infected shrimp, primers were designed using Primer Express software (Applied 
Biosystem, Inc.). The list of primers is given below (Table 6). 
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Table 6. List of primers used for measuring the expression of immune genes in healthy 
and white spot syndrome virus (WSSV) infected shrimp (JPenaeus rannamei) 
by real-time RT-PCR. 



Shrimp Gene 


Primer 
Name 


Primer Sequence 
(5>-3') 


Garnma-interferon inducible lysosomal 
thiol reductase (GILT) 


PvHlA02 


FOR: TGGCAAGACCTCAAGGAAATCA 
REV: CGCATTCGTCTGGTCCATTTT 


P-selectin 


PvW4E03 


FOR: CCATCGGAGGCTACTGCATCTA 
REV: GCCTCGAACCAGATGATGTCTC 


Chitinase 


PvW9Ell 


FOR: ACTACCTGTGCTCGCTCAACAC 
REV: AAGCCCAATCGCAGTAGTAGCT 



[0153] The real-time RT-PCR assay showed that shrimp X interferon inducible lysosomal 
thiol reductase (GILT) , P-selectin, and the chitinase genes showed differential expression 
between healthy and WSSV-infected shrimp. The mRNA expression of X interferon inducible 
lysosomal thiol reductase (GILT) gene was down-regulated, where as the expression of 
chitinase and P-selectin was up-regulated in WSSV-infected shrimp. The real-time PGR assay 
was performed using 5 healthy and 5 WSSV-infected laboratory challenged shrimp. The 
summary of the real-time RT-PCR assay for each of the three genes is provided below (Tables 
7-9). 

Table 7. Relative quantification of X interferon inducible lysosomal thiol reductase 

(GILT) mRNA expression in healthy and white spot syndrome virus-infected 
shrimp (Penaeus vannamei) by real-time RT-PCR. 













Fold 




Average ACT + 






Average 


Changes 


Sample # 


SD 


Sample # 


Average ACT ± SD 


AACT 




H1 


5.533 ± 0.267 


W1 


6.333 ± 2.067 


-2.507 


-5.7 


H2 


6.100 ± 0.300 


W2 


10.133 + 1.733 






H3 


5.600 ± 0.200 


W3 


8.067 ± 0.333 






H4 


5.767 ± 0.033 


W4 


9.933 + 1.533 






H5 


6.233 ± 0.433 


W5 


7.300 ± 1.100 







HI to H5 represents healthy animals, and Wl to W5 represents WSSV-infected animals. CT 
represents threshold PCR cycle number. ACT represents the normalized Ct value. Normalized 
Ct value is obtained by subtracting the CT value of RT-PCR internal control gene, shrimp 
elongation factor- 1 alpha, from the CT value of the target gene. AACT obtained by subtracting 
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the ACT of healthy from the ACT value for the WSSV-infected sample. Fold changes indicates 
the changes in target gene expression in the WSSV-infected compared to the healthy animals. 



Table 8. Relative quantification of chitinase mRNA expression in healthy and white 
spot syndrome virus-infected shrimp {Penaeus vannamei) by real-time RT- 
PCR. 



Sample # 


Average ACT ± SD 


Sample # 


Average ACT ± SD 


Average 
AACT 


Fold Changes 


H1 


1.100 ± 0.040 


W1 


-0.300 ± 0.740 


0.700 


1.62 


H2 


1.167 ± 0.027 


W2 


0.967 ± 0.967 






H3 


1.200 ± 0.060 


W3 


0.033 ± 0.4O7 






H4 


0.367 ± 0.773 


W4 


1.267 ± 1.227 






H5 


1.900 + 0.760 


W5 


0.233 ± 0.260 







HI to H5 represents healthy animals, and Wl to W5 represents WSSV-infected animals. CT 
represents threshold PGR cycle number. ACT represents the normalized Ct value. Normalized 
Ct value is obtained by subtracting the CT value of RT-PCR internal control gene, shrimp 
elongation factor- 1 alpha, from the CT value of the target gene. AACT obtained by subtracting 
the ACT of healthy from the ACT value for the WSSV-infected sample. Fold changes indicates 
the changes in target gene expression in the WSSV-infected compared to the healthy animals. 



Table 9. Relative quantification of P-selectin mRNA expression in healthy and white spot 
syndrome virus-infected shrimp {Penaeus vannamei) by real-time RT-PCR. 



Sample # 


Average ACT ± SD 


Sample # 


Average ACT± SD 


AACT 


Fold Changes 


H1 


3.967 ± 0.733 


W1 


3.567 ± 0.033 


1.100 


2.11 


H2 


4.667 ± 0.033 


W2 


4.700 ± 1.10O 






H3 


5.167 ± 0.467 


W3 


2.100 ± 1.50O 






H4 


4.267 + 0.433 


W4 


4.133 ± 0.533 






H5 


5.433 ± 0.733 


W5 


3.533 ± 0.067 







HI to H5 represents healthy animals, and Wl to W5 represents WSSV-infected animals. CT 
represents threshold PGR cycle number. ACT represents the normalized Ct value. Normalized 
Ct value is obtained by subtracting the CT value of RT-PCR internal control gene, shrimp 
elongation factor- 1 alpha, from the CT value of the target gene. AACT obtained by subtracting 
the ACT of healthy from the ACT value for the WSSV-infected sample. Fold changes indicates 
the changes in target gene expression in the WSSV-infected compared to the healthy animals. 



Example 3. Cloning of shrimp ESTs. 

[0154] In order to amplify the full-length open reading frame (ORF) in shrimp ESTs, 
primers will be designed using primer express software (Applied Biosystems, Inc.). Primers 
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will also be designed to amplify a truncated version of the gene (representing the functional 
domain only). Amplified cDNA will be cloned into bacterial expression vector (such as 
pETlOO Directional TOPO Expression vector, Invitrogen Inc.) and used to transform BL 21 
Star (DE3) One Shot Chemically Competent Escherichia coli (Invitrogen, Inc.) following 
manufacturer's protocol. 

Example 4. Bacterial expression of shrimp recombinant protein and formulation into feed. 

[0155] The expression of the recombinant protein will be either constitutive or under an 
induction system {e.g., induced by IPTG) and empirically optimized to obtain maximum 
protein expression. Escherichia coli strain BL21 cells carrying IPTG inducible gene will be 
grown in LB medium containing ampicillin, and then will be induced with IPTG for the 
expression of recombinant protein. Bacterial biomass containing cells, which express the 
shrimp recombinant protein, will be added to shrimp feed in a free or microbound format (e.g., 
in beads composed of alginate and starch in a polymeric form). Attractants are added to make 
the feed or beads more palatable to the target species (in the case of shrimp, krill meal would 
be a good attractant). 

Example 5. Method for protection of shrimp from WSSV infection. 

[0156] Shrimp are fed either a control diet or a diet containing bacterial biomass expressing 
recombinant protein (Example 4). Animals are challenged with WSSV, and their survivability 
in response to viral infection will be measured. The WSSV load in the control and treatment 
samples is measured by real-time PCR following published protocol (Dhar et ah 2001). The 
mRNA expression of the target gene will be measured in the treated and control animals using 
real-time RT-PCR to determine the difference in expression in two treatment groups following 
the published method (Dhar et al 2003). Protection from viral challenge will be determined by 
an increased survival versus a control not fed the diet containing the WSSV recombinant 
protein. 

Example 6. DNA method for protection of shrimp from WSSV infection. 

[0157] Shrimp are immersed in a medium containing nucleic acid encapsulated in a 
liposome. The DNA will be designed to express proteins that are upregulated during infection 
by WSSV as determined from the differential EST libraries. The DNA is then absorbed 



49 



WO 2005/084312 



PCT/US2005/006626 



through the gills or through gut lining and will then expressing the proteins in the tissues that 
absorb the DNA and thus providing protection against WSSV. 

Example 7. KNAi method for protection of shrimp from WSSV infection. 

[0158] A portion of a gene or genes identified using a differential expression library from 
shrimp (healthy versus WSSV-infected) as described in the specification are used to model a 
small interfering RNA as described by Timmons et al (2001). This DNA is then fed to the 
shrimp via incorporation in a feed or feed supplement. As shown for C. elegans in previous 
research (Timmons et al 2001), this can interfere with expression of specific genes. Genes 
that are up-regulated in the EST differential library that have no defense function maybe 
important to viral infection and will be down regulated using this RNAi and this will suppress 
or inhibit WSSV infection. 

Example 8. Diagnostic for WSSV infection. 

[0159] The differentially expressed genes that are tied directly to WSSV infection, or 
general viral infection, will be used in a multiplexed assay to determine the metabolic health of 
a cultured shrimp population. Compared to WSSV titer determination, which tell the relative 
amount of virus in the population, this diagnostic will determine the effect of the infection on 
the metabolic health of the population (progress of the disease compared to the growth of the 
pathogen). Metabolic genes will be chosen from the EST library that are most influenced in 
the early, mid, and late stage infection. Defense genes will be chosen from the EST libraries 
that are the best indicators of early, mid, and late stage infection. These genes will be 
synthesized with a fluorescent tag on one end and a quencher on the other end as previously 
described for the molecular beacon system (Cantor 1996; Tyagi and Kramer 1996; Little and 
Vonk 2000; Livalc et al 2000; Tyagi et al 2000). These will be printed on a chip and then a 
crude DNA preparation from the infected shrimp used for hybridization of the chip. The 
detection will be carried out on a chip reader and monitored for the appearance of fluorescence 
and quantity of fluorescence relative to total DNA. This will be correlated empirically to 
disease progression and used as a way to monitor the disease status of the animals. This will 
be particularly important as disease resistant lines of shrimp are developed. 
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Example 9. Method for protection of shrimp from Taura syndrome virus (TSV) infection. 

[0160] ESTs isolated from the healthy and WSSV-infected shrimp can be used for 
developing therapeutics for not only WSSV but also for other viral diseases such as Taura 
syndrome disease caused by the Taura syndrome virus (TSV). Taura disease, caused by the 
TSV, has caused catastrophic losses in the Western Hemisphere, and more recently in Taiwan 
(Dhar et al. 9 2004). The cDNA libraries described in Example 1 contained imnxune genes such 
as the low-density lipoprotein receptor (LDLr) gene (Table 2) that could be for developing 
therapeutics against the TSV. In addition to binding and internalizing lipoprotein molecules 
from circulating haemolymph, LDLr is known to be involved in viral pathogenesis. For 
example, Hepatitis C virus has been shown to complex with LDL and interacts with the LDL 
receptor (Wunschmann et al, 2000). Type 2 rhinovirus was shown to up-regulate LDL 
receptor expression on human tracheal epithelial cells (Suzuki et al 9 2001) and binding of the 
HIV-transactivator protein is mediated by LDL-related protein (Liu et al 9 2000). 

[0161] Primers will be designed to amplify the full-length open reading frame (ORF) of 
shrimp LDLr using primer express software (Applied Biosystems, Inc.). Primers will also be 
designed to amplify a truncated version of the gene (representing the functional domain only). 
Amplified cDNA will be cloned into bacterial expression vector (such as pETlOO Directional 
TOPO Expression vector, Invitrogen Inc.) and used to transform BL 21 Star (DE3) One Shot 
Chemically Competent Escherichia coli (Invitrogen, Inc.) following manufacturer's protocol. 
Escherichia coli strain BL21 cells carrying IPTG inducible gene will be grown in LB medium 
containing ampicillin, and then will be induced with IPTG for the expression of recombinant 
protein. The expression of the recombinant protein will be empirically optimized to obtain 
maximum induction. Bacterial biomass containing cells, which express the shrimp recombinant 
protein, will be added to shrimp feed in a free or microbound format (in beads composed of 
alginate and starch in a polymeric form). Attractants are added to make the feed or beads 
more palatable to the target species (in the case of shrimp, krill meal would be a good 
attractant). 

[0162] Animals will be challenged with TSV, and their survivability in response to viral 
infection will be measured. The TSV load in the control and treatment samples is measured by 
real-time PGR following published protocol (Dhar et al 2002). The mRNA expression of the 
target gene will be measured in the treated and control animals using real-time RT-PCR to 
determine the difference in expression in two treatment groups following published method 
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(Dhar et at 2003). Protection from viral challenge will be determined by an increased survival 
versus a control not fed the diet containing the TS V recombinant protein. 

Example 10. Use of recombinant lectins for controlling viral and bacterial diseases of shrimp 

and othe^r aquaculture species. 

[0163] The differentially expressed genes in shrimp included a number of lectin gexies (see 
Table 2, Gene ID# PvH09A06, PvH13C0-4, and PvW04E03. Primers will be designed to 
amplify the full-length open reading frame (ORF) of shrimp lectins using primer express 
software (Applied Biosystems, Inc.). Primers will also be designed to amplify a truncated 
version of the gene (representing the functional domain only). Amplified cDNA will be cloned 
into bacterial expression vector (such as j}ET100 Directional TOPO Expression vector 9 
Invitrogen Inc.) and used to transform BL 21 Star (DE3) One Shot Chemically Competent 
Escherichia coli (Invitrogen, Inc.) following manufacturer's protocol. Escherichia coli strain 
BL21 cells carrying IPTG inducible gene will be grown in LB medium containing ampicillin, 
and then will be induced with IPTG for Uae expression of recombinant protein. The expression 
of the recombinant protein will be empirically optimized to obtain maximum induction. 
Bacterial biomass containing cells, whicta express the shrimp recombinant protein, will be 
added to shrimp feed in a free or microbound format (in beads composed of alginate and starch 
in a polymeric form). Attractants are added to make the feed or beads more palatable to the 
target species (in the case of shrimp, krill meal would be a good attractant). 

[0164] Animals will be challenged with WSSV, TSV, yellohead virus (YHV), and 
infectious hypodermal and hematopoietic virus (IHHNV) and bacterial pathogens suchi as 
Vibrio sp. including V. penaeicida, an important bacterial pathogen of shrimp. The 
survivability of shrimp after viral and bacterial challenge will be recorded. The viral load 
(WSSV, TSV, YHV and IHHNV) will be measured by real-time PGR following published 
protocol (Dhar et at, 2001, 2002). The rnRNA expression of the lectin gene in the virus and 
bacterial-challenged animals will be measured in the treated and control animals using real- 
time RT-PCR to determine the difference in expression in two treatment groups following 
published method (Dhar et at 2003). Protection from viral challenge will be determined by an 
increased survival versus a control not fe^d the diet containing recombinant lectin. 

[0165] In addition, by using homology modeling the tertiary structure of shrimp lectin 
genes will be determined. Shrimp lectins mentioned in see Table 2, Gene ID# PvH09AO6, 
PvH13C04, and PvW04E03 will be taken for determining the tertiary structure by comparing 
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with the crystal structure of homologous lectin available in the GenBank database (Feinberg et 
al, 2001). Homology modeling will enable to determine the sugar binding pocket. Ligand 
binding assay,by virtual docking of different ligands (sugars), will be performed, and the 
affinity of different lectins to different sugars will be determined. Based on sugar binding 
affinity, recombinant lectins could be used as feed supplement to protect shrimp and other 
aquaculture species from different viral and bacterial disease. 

Example 1 1 . Method for protection of shrimp and other aquaculture species from bacterial 
diseases using recombinant anti-linopolvsaccharide protein. 

[0166] Analysis of shrimp EST sequence revealed the presence of an anti- 
lipopolysaccharide (Anti-LPS) gene (see Table 2 EST ID #PvHBl 1). Anti-LPS gene encodes 
for small a basic protein that binds and neutralizes LPS ? and thus possesses a strong 
antibacterial effect on the growth of Gram-negative bacteria (Iwanaga et al., 1992; Ried et al., 
1996). Primers will be designed to amplify the full-length open reading frame (ORF) of 
shrimp anti-LPS gene using primer express software (Applied Biosystems, Inc.). Primers will 
also be designed to amplify a truncated version of the gene (representing the functional domain 
only). Amplified cDNA will be cloned into bacterial expression vector (such as pETlOO 
Directional TOPO Expression vector, Invitrogen Inc.) and used to transform BL 21 Star (DE3) 
One Shot Chemically Competent Escherichia coli (Invitrogen, Inc.) following manufacturer's 
protocol. Escherichia coli strain BL21 cells carrying IPTG inducible gene will be grown in LB 
medium containing ampicillin, and then will be induced with IPTG for the expression of 
recombinant protein. The expression of the recombinant protein will be empirically optimized 
to obtain maximum induction. Anti-LPS recombinant protein will be purified from the 
recombinant cells and its Gram-negative bacterial neutralizing activity will be assayed against 
a number of Gram-negative bacterial pathogens of shrimp, fish and terrestrial agricultural 
species e. g. Vibrio penaeicida, Vibrio anguillarium, Virio parahemolyticus, Lactococcus 
garviae, Pasteurella piscicida, 

[0167] Bacterial biomass containing cells, which express the shrimp recombinant anti-LPS 
protein, will be added to shrimp feed in a free or microbound format (in beads composed of 
alginate and starch in a polymeric form). Attractants are added to make the feed or beads 
more palatable to the target species (in the case of shrimp, krill meal would be a good 
attractant). Shrimp will be challenges with the bacterial pathogen and mortality will be 
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compared to control treatment where the animals will be fed pellet without containing any anti- 
LPS recombinant protein. 

Example 12. Confirmation of differential expression of shrimp ESTs 

[0168] As a proof of principle, the differential expression of nine more ESTs in healthy and 
WSSV-infected shrimp were evaluated by real-time RT-PCR assay. These include Interleukin 
enhancer-binding factor 3, Tetraspanin-2, NF-kappaB essential modulator, Prophenoloxidase- 
activating proteinase 2, T-cell activation protein, O-sialoglycoprotein endopeptidase, 
Ubiquitin, Anti-lipopolysaccharide Factor, Lysozyme 2, and Heat-shock protein (Table 10 and 
11; Fig. 3). Out of these nine genes, four (Tetraspanin-2, T-cell activation protein, Anti- 
lipopolysaccharide Factor, and Heat-shock protein) genes were up-regulated and five genes 
(Interleukin enhancer-binding factor 3, NF-kappaB essential modulator, Prophenoloxidase- 
activating proteinase 2, O-sialoglycoprotein endopeptidase, Ubiquitin, and Lysozyme 2) were 
down-regulated during WSSV infection in shrimp (Table 11, Fig. 3). 

Confirmation of differential expression of shrimp EST in Taura syndrome virus 
infected shrimp 

[0169] Taura syndrome (TS) disease, caused by the Taura syndrome virus (TS "V), pose a 
major threat to shrimp mariculture in both hemispheres. Although considerable progress has 
been made in elucidating the organization of the TSV genome and developing TS V-specific 
diagnostic methods, information on shrimp cellular genes involved in TSV pathogenesis and 
cellular immunity remains unknown. 

[0170] Two separate strains of P. vannamei juveniles (one TSV-resistant (SPR.) and one 
Fast Growth (FG) TSV-susceptible line) were per os exposed (Texas 2004 TSV strain). 
Moribund acutely infected shrimp, surviving chronically infected shrimp and unexposed 
negative control shrimp were preserved in Davidson's (AFA) for histological analysis. Mild to 
moderate multifocal pathodiagnostic acute phase epithelial necrosis was detected in moribund 
FG shrimp, which suffered 20-36% mortality. Moderate to severe lymphoid organ spheroids 
were detected in chronically infected FG survivors. No mortality or acute TSV lesions were 
detected among the TSV-exposed SPR groups. 

[0171] A cDNA clone from a healthy Penaeus vannamei (clone ID#PvH04G08) showed 
similarity with the low-density lipoprotein receptor (LDLr) gene of human, mouse, Drosophila 
and Caenorhabditis elegans. The LDLr gene is a member of an evolutionarily conserved 
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family of multifunctional receptors that binds to rhinoviruses (Family Picornarviridae) and a 
variety of ligands. Upon binding to the ligands, LDLr transports the macromolecules through 
receptor- mediated endocytosis. The LDLr gene expression was measured in both healthy and 
TS V-infected (acute and chronically infected) shrimp by real-time RT-PCR. LDLr mRNA 
expression was almost 4-fold higher in the healthy TSV-resistant SPR shrimp compared to the 
healthy FG TSV-susceptible line. In the SPR animals, LDLr expression increased upon TSV 
challenge (3.3 to 6.6-fold higher expression depending on the TSV load). In ttxe FG TSV- 
susceptible acute phase animals, there was no increase in the LDLr expression.. However, in 
the FG TSV-susceptible chronic phase animals, LDLr expression was 5-fold lower compared 
to the healthy control animals. These data indicate that LDLr expression is differentially 
modulated in the TSV-resistant and susceptible animals. Therefore, LDLr gene could be used 
as a potential target for developing therapeutics against Taura syndrome disease in shrimp. In 
addition, SPR animals showed higher expression of LDLr compared to the TSV-susceptible 
line making LDLr gene as a candidate genetic marker for marker-assisted selection in 
developing TSV-resistant line of shrimp. 



Table 10. List of primers used for measuring the expression of immune genes in healthy 
and white spot syndrome virus (WSSV) infected shrimp {Penaeus vannnvnei) by real-time 

RT-PCR. 



Shrimp Gene 


Clone ID# 
(Primer 
Name) 


Primer Sequence 
C5'-3') 


Tm 


%GC 


Amplicon 
Size (bp) 


Gamma-interferon 
inducible lysosomal 
thiol reductase 
precursor 


PvHlA02 


FOR: TGGCAAGACCTCAAGGAAATCA 
REV; CGCATTCGTCTGGTCCATTTT 


64 
62 


45 
47 


115 


Interleukin 
enhancer-binding 
factor 3 


PvW8B06 


FOR: TACACCTGCTGATGCCAAGGA 
REV: TGCATAGCTGCTGCATTCTCA 


64 
62 


52 
48 


105 


Tetraspanin 2 


PvWllA5 


FOR: CCCTGCTATTGGCCTCATCAT 
REV: AACGTACGCAGCATGCAGACAT 


64 
64 


52 
50 


102 


NF-kappaB essential 
modulator 


PvW8E09 


FOR: CAGCCAAGCTCATGTCTTACGA 
REV: CGTTCAGCCAGAGATGCCTTA 


64 
64 


45 

52 


103 


Chitinase 


PvW9El 1 


FOR: ACTACCTGTGCTCGCTCAACAC 
REV: AAGCCCAATCGCAGTAGTAGCT 


64 
62 


55 
50 


105 


Prophenoloxidase- 
activating 
proteinase-2 


PvW4F07 


FOR: ACTCTGCGTTGATACCACTGGTT 
REV: TGACCATGATTACGCCAAGCTA 


64 

62 


48 
45 


143 
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Shrimp Gene 


Clone ID# 
(Primer 
Name) 


Primer Sequence 
(5'-3') 


Tm 


%GC 


Amplicon 
Size (bp) 


P-selectin precursor 


PvW4E03 


FOR: CCATCGGAGGCTACTGCATCTA 
REV: GCCTCGAACCAGATGATGTCTC 


64 
62 


55 
55 


106 


T-cell activation 
protein 


PvW5G04 


FOR: CTCCCCAAATGGCAGTGAATGT 


64 
62 


50 

43 


113 


O-sialoglycoprotein 
endopeptidase 


PvHC06 


FOR: AAGCACGCACACTGACAAGATG 
REV: AGTTCCTTCACGGTCCATGGA 


60 
60 


50 
52 


123 


Ubiquitin 


PvW04C06 


FOR: CAACAACAGCGTCTCATCTTTGC 
REV: ACGAAGGCGCAGTACCAAGTGA 


61 

63 


48 
55 


107 


Anti- 
lipopolysaccharide 
Factor 


PvHBll 


FOR: GCCATTGCGAACAAACTCACT 
REV: ACATGCGACCCCTGAAGTACA 


59 
59 


48 
52 


124 


Lysozyme 2 


PvW10F4 


FOR: CACATTCGGCAGCTTAGCTTTC 
REV: GCTACAGGTCAAGGACTGCCTAGA 


60 
60 


50 
54 


115 


Heat-shock protein 
STI1 


PvW10D06 


FOR: CTTCTGAATCTTGGCTGCAACA 
REV: TGTTGAAAGACCCTGCCATG 


59 
58 


45 
50 


106 
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[0172] The above examples are included for illustrative purposes only and is not intended to 
limit the scope of the invention. Since modifications will be apparent to those of skill in this 
art, it is intended that this invention be limited only by the scope of the appended claims. 
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